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PREFACE 

TO  THE 

FIFTH  EDITION 


The  general  work  of  revision  and  of  correction 
for  the  press  for  the  present  edition  has  been 
carried  ont  with  much  pains  by  Mr  Holmes  Spicer. 

The  bulk  of  the  volume  has  been  but  little 
increased,  though  I  have  taken  every  care  to  include 
such  new  matter  as  seemed  suitable  for  a  book  of 
this  class,  and  considerable  changes  will  be  found, 
especially  in  the  Chapter  on  Operations.  The 
number  of  illustrations  is  the  same  as  in  the  last 
edition ;  but  Figures  9,  50,  53,  95,  and  131  have 
been  replaced  by  new  cuts ;  and  for  the  coloured 
papers  of  the  former  editions,  there  has  been  sub- 
stituted, at  the  suggestion  of  the  Publishers,  a  copy 
of  Professor  Holmgren's  well-known  Plate  executed 
at  Stockholm  with  the  kind  permission  of  the 
Professor. 


August,  1890. 
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PREFACE 

TO  THE 

FIRST  EDITION 


The  aim  of  this  little  book  is  to  supply  students 
with  the  information  they  most  need  on  diseases  of 
the  eye  during  their  hospital  course.  It  was  appa- 
rent from  the  beginning  that  the  task  would  be  a 
difficult  one,  all  the  more  as  several  excellent  manuals, 
covering  nearly  the  same  ground,  are  already  before 
the  public.  That  not  one  of  them  singly  appeared 
exactly  to  cover  the  ground  most  important  for  the 
first  beginner  in  clinical  ophthalmology  encouraged 
me  to  attemjjt  the  present  work. 

The  scojje  of  the  work  has  precluded  frequent 
reference  to  authors,  those  named  being  chiefly  such 
as  have  made  recent  additions  to  our  knowledge  in 
this  country.  I  am  greatly  indebted  to  Dr  Gowers, 
Dr  Barlow,  and  other  friends  for  much  information, 
and  for  many  valuable  suggestions.  My  best  thanks 
are  due  to  Mr  A.  D.  Davidson  for  his  kind  assistance 
in  reading  the  sheets  for  the  press. 

WiMPOLE  StEBET; 

October,  1879. 
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PAET  I 
MEANS    OF  DIAGNOSIS 


The  following  abbreviations  will  be  used  in  this 
work : 


T.       Tension  of  the  eyeball. 
E.  Emmetropia. 
M.  Myopia. 

H.  Hypermetropia. 

m,  H.  Manifest  hypermetro- 
pia. 

I.  H.  Latent  hypermetropia. 
Pr.  Presbyopia. 

As.  Astigmatism. 

Ace.  Accommodation. 

p.        Punctum  proximum  or 

near  point, 
r.        Punctum  remotissi- 

mum  or  far  point, 
p.  1.     Perception  of  light. 
P.  Pupil, 
m.  Metre, 


cm.  Centimetre. 

mm.  Millimetre. 

D.  Dioptre,  the  unit  in  the 
metrical  system  of  mea- 
suring lenses ;  a  lens 
whose  focal  length  is 
1  m. 

y.  s.  Yellow  spot  of  the  retina. 

O.D.  Optic  disc. 

F.     Field  of  vision. 

V.  Visus,  acuteuess  of  sight, 
power  of  distinguish- 
ing form. 

Symbols.  1-  A   convex,  —  a 

concave,  lens.  '  Foot, 
"  Inch,  "'  Line. 


CHAPTER  I 

OPTICAL  OUTLINES 

1.  Rays  of  ligbt  are  deviated  or  refracted  when 
they  pass  from  one  transparent  medium,  e.  g.  air,  into 
another  of  different  density,  e.  g.  water  or  glass. 

2.  If  the  deviation  in  passing  from  vacuum  into 
air  be  represented  by  the  number  1,  that  for  crown 
glass  (of  which  ordinary  lenses  are  made)  is  1-5,  and 
for  rock  crystal  ("  pebble"  of  opticians)  1-66.  Such 
a  number  is  the  "  refractive  index"  of  the  substance. 
Every  ray  is  refracted  except  the  one  which  falls 
perpendicularly  to  the  surface  (Fig.  1,  «). 
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3.  In  passing  from  a  less  into  a  more  refracting 
medium  the  deviation  is  always  towards  the  perpen- 
dicular to  the  refracting  surface ;  in  passing  from  a 
more  into  a  less  refracting  medium  it  is  always, 

and  to  the  same  extent, 
away  from  the  perpen- 
dicular (Fig.  1,  b),  i.  e. 
the  angle  x  in  the  fi- 
gure =  the  angle  y. 

4.  Hence,  if  the  sides 
of  the  medium  (Fig.  1, 
m)  be  parallel,  the  rays 
on  emerging  (b')  are  re- 
stored to  their  original 
direction  (b)  and,  if  the 
medium  be  thin,  very 
nearly  to  their  original 
path. 

5.  But  if,  as  in  a  prism,  the  sides  of  m  form  an 
angle  (Fig.  2,  a),  the  angles  of  incidence  and  emergence 


Fig.  1. — llefrfiutioii  l)_v  ;i  me- 
dium with  parallel  sides. 


Fig.  2. — llefractioii  by  a  prism. 


(x  and  y)  still  being  equal,  b'  must  also  form  an  angle 
■with  b.  The  angle  a  is  the  "refracting  angle"  or 
edge  of  the  pi-ism  ;  the  opposite  side  is  the  "base." 
The  figure  shows  that  light  is  always  deviated  to- 
wards the  base.  The  deviation  (shown  by  the  angle 
d,  is  equal  to  about  half  the  refracting  angle  a  if  the 
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j^rism  be  of  crown  glass.  The  relative  dii-eotioii  of 
the  rays  is  not  changed  by  a  prism ;  if  parallel  or 
divergent  before  incidence  they  are  parallel  or  simi- 
larly divergent  after  emei-geuce  (Fig.  3). 


Fig.  3. — Apparent  displacement  of  object  by  a  prism. 

6.  An  object  seems  to  lie,  oris  "projected,"  in  the 
direction  which  the  rays  have  as  they  enter  the  eye ;  oh 
(Fig.  3),  seen  by  an  eye  at  a'  or  b',  seems  to  be  at  o'h, 
where  it  would  be  if  the  rays 
a'  b'  had  undergone  no  devia- 
tion. 

7.  For  very  thin  prisms  the 
deviation  (a  and  /3,  Fig.  4) 
remains  the  same  for  varying 
angles  of  incidence.  For  thin 
lenses  this  is  expressed  by 
saying  that  the  angle  d,  Fig. 
5,  is  the  same  for  the  rays 
«■  hh',  and  c  c',  incident  at 
different  angles,  but  at  the 
same  distance  from  the  axis. 

8.  An  ordinary  lens  is  a  ..^^   „ 

(plano-convex  or  plano-concave),  or  of  two  spheres 
whose  centres  are  joined  by  the  axis  of  the  lens 
(biconvex  or  biconcave). 

9.  A  lens  is  regarded  as  formed  of  an  infinite 
number  of  minute  prisms,  each  with  a  different  re- 


1 

— ,  cc 



Fig.  4. — Refraction  the 
same  for  different  angles 
of  incidence. 

segment  of  a  sphere 
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fracting  ancfle.  Fig.  6  shows  two  such  elements  of  a 
convex  lens,  the  angle  (a)  of  the  prism  at  the  edge 


Fig.  5. — Kefraetiou  by  a  thin  lens  the  same  for  all  rays  iiioident 
at  the  same  distance  from  the  axis. 


Fig.  6. 


-Prismatic  elements  of  a 
convex  lens. 


of  the  lens  being  larger,  and  therefore,  in  accordance 
with  §  5,  refracting  more,  than  /3,  the  angle  of  the 

prism  near  the  axis. 
If  two  2>arallel  rays, 
a  and  b,  traverse  this 
system  a  will  be  more 
refracted  than  b,  and 
the  rays  will  meet 
at  f.  Fig.  7  shows 
the  corresponding 
facts  for  a  concave 
lens,  by  which  paral- 
lel rays  are  made 
divergent. 

10.  The  only  ray 
not  refracted  by  a 
lens  is  the  one  pass- 
ing through  the  cen- 
tre of  each  surface 
(compare  §  2),  which 
is  the  principal  axis 
{ax,  Fig.  8).  Second- 
ary axes  are  rays  (such  as  s.  ax)  entering  and  emerg- 
ing at  points  on  the  lens  parallel  to  each  other,  and 


Fig. 


-Prismatic  elements  of  a 
concave  lens. 
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hence  (see  §  4)  not  altered  in  direction ;  all  rays 
•which  pass  throiigh  the  cen- 
tral point  of  the  lens  are 
secondary  axes  (except  the 
principal  axis). 

11.  The  pri7ici23al  focus  ( f. 
Fig.  10)  of  a  lens  is  the 
point  where  the  i"ays,  a  a, 
that  were  parallel  before 

they    traversed    the    lens      yig.  g.— Axes  of  a  lens, 
meet,  after  they  have  passed 

through  it ;  the  deviation  of  each  rav  vai-ying  directly 
with  its  distance  from  the  principal  axis  (Fig.  6). 

But  this  is  only  approximately  true.  In  an  ordinary  lens  the 
rays  (a,  Fig.  9)  which  traverse  the  marsin  are  refracted  more,, 
and  meet  sooner,  than  the  rays  (b)  which  lie  nearer  the  a.\is  ; 
and  the  result  is,  not  one  focus,  hut  a  nnmher  of  foci.    "  Spheri- 


A 

V  b 

^9 

Fig.  9. — Spherical  aberration. 


eal  aberration"  increases  with  the  size  of  the  lens.  In  the 
eye  it  is,  to  a  great  e.xtent,  prevented  by  the  iris,  which  cuts  otf 
the  light  from  the  margin  of  the  crystalline  lens. 

If  parallel  rays  are  incident  from  the  side  towards 
/  (Fig.  10)  they  will  be  focussed  at  /',  at  the  same 
distance  from  the  lens  as  /  ;  hence  everv  lens  has  two 
principal  foci — anterior  and  posterior. 

12.  The  pa/ h  of  a  ray  passing  from  one  jwint  to 
another  is  the  same,  whatever  its  direction  ;  the  path 
o£  the  ray  hh'  (Fig.  10)  is  the  same,  whether  it  pass 
from  cf  to  c'  /',  or  in  the  contrary  direction. 


13.  From  §  7  it  follows  that  in  Fig.  10  the  angles 
a  and  a!  are  equal,  and  hence  the  ray  h,  diverging 
from  cf,  will  not  meet  the  axis  at  /,  but  at  c'  /' ; 


Fig.  10. — Foci  of  a  convex  lens. 


cf  and  c'  f  are  conjxujate  lio  'mts,  and  each  is  the 
coiijuyate  focus  of  the  other.  The  angle  a  or  a'  re- 
maining the  same,  then  if  c/be  further  from  the  lens 
c'  /'  will  approach  it.  A  ray  (c)  directed  towards  the 
axis  will  be  focussed  at  c"  f",  because  the  angle  a''=a  ; 
no  real  point  conjugate  to  c"/"  exists  :  but  if  the  ray 
start  from  c"  f"  it  will,  on  taking  the  direction  c, 
appear  to  have  come  from  vf,  which  consequently  is 
the  virtual  focus  of  c"  /"  (see  §  6) . 

14.  All  the  foci  of  concave  lenses  are  virtual.  In 
Fig.  11.  a,  parallel  to  the  axis,  is  made  diverfrent  {see 


7  . 

a 

Fig.  11. — Foci  of  a  concave  lens. 


Fig.  7),  its  virtual  focus  being  at/;  similarly  cf  is 
the  virtual  conjugate  focus  of  the  point  emitting  the 
ray  h. 

15.  In  equally  biconvex  or  biconcave  lenses  of 
crown  glass  ilie  principal  focus  f  is  at  the  centre  of 
curvature  of  either  surface  of  the  lens  (/.  e.  f=r,  the 
radius);  in  plano-convex  (or  concave)  lenses /=2j-. 

16.  Images.— The  image  formed  by  a  lens  consists 
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of  foci,  each  of  which  corresponds  to  a  point  on  the 
object.    Griventhe  foci  of  the  bouudary  jioiuts  of  an 
object,  we  have  the  position  and  size  of  its  image. 
In  Fig.  12  the  object  a  b  lies  beyond  the  focus/. 


Fig.  12. — Real  inverted  image  formed  by  a  convex  lens. 


From  the  terminal  point  a  take  two  rays,  a  and  a,  the 
former  a  secondary  axis,  and  therefore  iinrefracted, 
the  latter  parallel  to  the  principal  axis,  and  therefore 
passing  after  refraction  through  the  principalfocus/'. 
These  two  rays  (and  all  others  which  pass  through 
the  lens  from  the  point  a)  will  meet  at  a,  the  con- 
jugate focus  of  a.  Similarly  the  focus  of  the  ^loint 
b  is  found,  and  the  real  inverted  conjugate  image  of 
a  b  \s  formed  at  a  b.  The  relative  sizes  of  a  i  and 
A  B  vary  as  their  distances  from  the  lens. 

If  ft  b  be  so  far  off  that  its  rays  are  virtually 
parallel  on  reaching  the  lens,  its  image  A  b  will  be 
at  /',  and  very  small .  If  a  b  be  at  /  its  rays  will  be- 
come parallel  after  refraction  (§§11  and  12),  and  form 
no  image.  If  a  b  lies  between  /  (or  /')  and  the  lens, 
the  rays  will  diverge  after  refraction,  and  again  will 
not  form  an  image  (see  Fig.  10,  c" /'). 

But  in  the  last  two  cases  a  virtual  image  is  seen 
by  an  eye  so  placed  as  to  receive  the  rays.  In  Fig.  13 
two  rays  from  a  take  after  refraction  the  course 
shown  by  a  and  a,  virtually  meeting  at  a  (see  Fig. 
10,  V  f) ;  and  an  observer  at  x  will  see  at  a  b  a  virtual, 
magnified,  erect  image  of  a  b. 

The  enlargement  (in  Fig.  13)  is  greater  the  nearer 
ft  6  is  to/',  and  greatest  when  it  is" at/'.    But  as  a  b 
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lias  no  real  existence,  its  apparent  size  varies  with 
the  known,  or  estimated,  distance  of  the  surface 


B 

i 
1 

/'I 
»  1 

Fig.  13. —  Virtual  croct  image  forniod  by  a  convex  lens. 

against  wliich  it  is  projected.  A  uniform  distance 
of  projection  of  about  12"  (30  cm.)  is  taken  in  com- 
l^aring  the  magnifying  power  of  diffe;-eut  lenses. 

When  a  b  is  at/'  (Fig.  13)  we  shall  find  on  trial 
that  the  image  a  b  can  be  seen  well  only  by  bringing 
the  eye  close  up  to  the  lens  ;  at  a  greater  distance 
only  part  of  the  image  will  be  seen,  and  this  part  will 
be  less  brightly  lighted.  This  is  important  in  direct 
ophthalmoscopic  examination  (p.  52).  Thus  iu  Fig.  14 


Fig.  14. — Virtual  image ;  result  of  observer  varyiug  distance 
of  his  eye  from  the  lens. 


an  observer  placed  anywhere  between  the  lens  and 
X,  receiving  rays  from  every  part  of  a  b,  will  see  the 
whole  image.  But  if  he  withdraw  to  y,  his  eye  will 
receive  rays  only  from  the  central  part  of  a  b,  and 
will  therefore  not  see  the  ends  of  the  object. 

It  is  easily  shown  by  similar  constructions  that 
the  images  formed  by  concave  lenses  are  always 
virtual,  erect,  and  diminished,  whatever  the  distance 
of  the  object  (Fig.  15).    {Compare  Fig.  11.) 
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17.  The  size  of  the  image  (whether  real  or  virtual) 
varies  with  (1)  the  focal  length  of  the  lens,  and  (2) 
the  distance  of  the  object  from  the  principal  focus. 


Fig.  15. — Image  formed  by  a  concave  lens. 

(1)  The  shorter  the  focus  of  the  lens,  the  greater 
is  its  effect  or  the  "stronger"  it  is;  the  refractive 
power  of  a  lens  varies  inversely  as  its  focal  length. 

(2)  For  a  convex  lens,  the  image  (whether  real  or 
virtual)  is  larger  (i.  e.  the  effect  greater)  the  nearer 
the  object  is  to  the  princijial  focus  (whether  within 
or  beyond  it). 

For  a  cmcave  lens,  the  image  is  smaller  (i.  e.  the 
effect   greater)  the  further 
the  object  is  from  the  lens 
(whether  within  or  beyond 
the  focus). 

18.  Prisms.  —  Any  object 
viewed  through  a  prism 
seems  displaced  towards  the 
edge  of  the  prism,  and  the 
amount  of  the  disjilacement 
varies  directly  as  the  size  of 
the  refracting  angle  (§§  5 
and  6).  The  eye  is  directed 
towards  the  position  which 
the  object  now  seems  to  take, 
and  this  effect  may  be  vari- 
ously utilised  : — 1.  To  lessen 
the  convergence  of  the  visual 
lines  without  removing  the 
object  further  from  the  eyes. 
In  Fig.  16  the  eyes,  e  and  l,  ence. 


Pig.  16.— Effect  of  prisms 
ill    lessening  convcrg- 


10 


OPTICAL  OUTLINES 


Chap. 


are  looking  at  the  object  (ob)  with  a  convergence  of 
the  visual  lines  represented  by  the  angle  a.  If  prisms 
be  now  added  with  their  edges  towards  the  temples 
they  deflect  the  light,  so  that  it  enters  the  eyes  under 
the  smaller  angle  /3,  as  if  it  had  come  from  ob',  and 
towards  this  point  the  eyes  will  be  directed,  though 
the  object  still  remains  at  ob.  The  same  effect  is  given 
by  a  single  prism  of  twice  the  strength  before  one 
eye,  though  the  actual  movement  is  then  limited  to 
the  eye  in  question.  If  spectacle  lenses  be  placed  so 
that  the  visual  lines  do  not  pass  through  their  centres 
they  act  as  prisms,  though  the  strength  of  the  pris- 
matic action  varies  with  the  power  of  the  lens  and  the 
amount  of  this  "  deceutratiou  "  (see  §  9,  Figs.  6  and 

Table  showing  the  Prismatic  Effect  of  Decentering 
Lenses  (Macldox). 


Amount  of  Deceutratiou  in  Milliiuetres. 

• 

Lens. 

5  mm. 

10  mm. 

15  mm. 

1  D 

17' 

35' 

52' 

2  D 

35' 

1°  9 

1°43' 

3  D 

52' 

1°  43' 

2°  34' 

4D 

1°  10' 

2°  18' 

8°  26' 

6  D 

1°  43' 

6°  26' 

5°  9' 

8  D 

2°  18' 

4°  35' 

6°  50' 

7).  In  Fig.  17  the  visual  lines  pass  outside  the 
centres  of  the  convex  lenses  (a)  and  inside  those  of 
the  concave  lenses  (6).  Each  pair  therefore  acts  as 
a  prism  with  its  edge  outwards. — 2.  To  remove  double 
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vision  caused  by  slight  degrees  of  strabismus.  The 
prism  so  alters  the  direetiou  of  the  rays  as  to  com- 


FiG.  17. — Lenses  aeting  as 
prisms. 

]ieusate  for  the  abuoruial 
direction  of  the  visual  line. 
In  Fig.  18  E  is  directed  to- 
wards X  instead  of  towards 
oh,  and  two  images  of  oh 
are  seen  (see  Chap.  XXI). 
The  prism  ( p)  deflects  the 
rays  to  y,  the  yellow  spots, 
and  single  binocular  vi- 
sion is  the  result. — 3.  To 
test  the  strength  of  the  ocu- 
lar muscles.  In  Fig.  19 
the  prism  at  first  causes 
diplojjia  by  displacing  the 
rays  from  the  yellow  spot 
(//)  of  the  eye  (r)  (Chap. 
XXI) .  By  a  compensating 
rotation  of  the  eye  (cornea, 


Fig.  is. — Diiilo]iia  re 
moved  by  prism. 


Fio.  ly. — I'risii)  usetl  i'ur 
testing  strength  of  mnsele. 


12 


OPTICAL  OUTLINES 


Chap. 


outwards,  shown  iu  the  figure  by  the  change  of  the 
transverse  axis  from  1  to  2,  y  is  brought  inwards  to 
the  situation  of  im,  the  images  are  fused  and  single 
vision  restored ;  the  effect  of  the  prism  is  overcome 
by  the  action  of  the  external  rectus.  This  "  fusion 
power"  of  the  several  pairs  of  muscles  may  be  ex- 
pressed by  the  strongest  prism  that  each  pair  can 
overcome.  The  fusion  power  of  the  two  external 
recti  is  represented  by  a  prism  of  about  8°  ;  that  of 
the  two  internals  by  25°  to  50°  or  more  ;  that  of  the 
superior  and  inferior  recti,  acting  against  each  other, 
by  only  about  3°. — 4.  Feigned  blindness  of  one  eye 
may  often  be  exposed  V>y  means  of  the  diplopia 
(unexpected  by  the  patient)  produced  by  a  prism. 
The  prism  should  be  stronger  than  can  be  over- 
come by  any  effort,  e.  g.  8°  or  10°,  base  upwards  or 
downwards.  The  patient  is  best  thrown  off  his 
guard  if  the  prism  be  held  before  the  sound  eye.  If 
he  now  exclaims  that  he  sees  double  he  must  of 
course  be  seeing  with  both  eyes. 

19.  Bef  ruction  of  the  eye. — The  eye  presents  thi-ee  re- 
fracting surfaces — the  front  of  the  cornea,*  the  front 
of  the  lens,  and  the  front  of  the  vitreous  ;  and  in  the 
normally  formed  or  emmetropic  eye  (E.),  with  the 
accommodation  relaxed,  the  principal  focus  (§  11)  of 
these  combined  dioptric  media  falls  exactly  upon  the 
layer  of  rods  and  cones  of  the  retina,  i.  e.  the  eye  iu  a 
state  of  accommodative  rest  is  adapted  for  parallel 
rays.  The  point  at  which  the  secondaiy  axial  rays  (see 
§  10,  Fig.  8)  cross,  the  "posterior  nodal  point"  (n, 
rig.  20)  lies,  iu  the  normally  formed  eye,  at  15  mm. 
in  front  of  the  yellow  spot  of  the  retina,  and  very 
nearly  coincides  with  the  posterior  pole  of  the  crys- 
talline lens.    The  angle  included  between  the  lines 

*  The  postei'ior  surface  of  tlie  cornea  being  parallel  with 
the  anterior  causes  no  deviation,  and  the  aqueous  has  the  same 
refractive  power  as  the  cornea.  Hence  the  refractive  effect  of 
the  cornea  and  aqueous  together  is  the  same  as  if  the  corneal 
tissue  extended  from  the  front  of  the  cornea  to  the  front  of  the 
lens. 
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joining  n  witli  the  extremities  of  the  object  (ob)  is 
tlie  visual  angle  (v).  If  the  distance  (d)  from  n  to 
the  retina  remain  the  same,  the  size  of  any  image 


Fig.  20. — Visvial  angle  and  retinal  image.  Ob,  object ;  v,  visual 
angle ;  n,  nodal  point  where  the  axial  rays  cross  ;  d,  dis- 
tance from  n  to  the  retina.  The  position  of  the  retina  in 
different  states  of  refraction  is  shown  by  the  three  curved 
lines  to  the  right,  H.  being  represented  by  the  line  nearest 
to,  and  N.  by  the  one  furthest  from,  n,  whilst  the  middle 
thin  line  shows  the  retina  in  E. 

(Ini)  on  the  retina  will  depend  on  the  size  of  the 
angle  v,  and  this  again  on  the  size  and  distance  of 
ob.  But  if  the  distance  (d)  alters,  the  size  of  the 
image  (Jm)  is  altered  without  any  change  in  v. 
Now  the  length  of  d  varies  with  the  length  of 
the  posterior  segment  of  the  eye ;  it  is  greater  in 
myopia  (M.)  and  less  in  hypermetropia  (H.)  ; 
and  hence  the  retinal  image  of  an  object  at  a  given 
distance  is,  as  the  figure  shows,  larger  in  myoj^ia 
and  smaller  in  hypermetropia  than  in  the  normally 
formed  eye.  The  length  of  d  also  varies  with  the 
position  of  n,  and  this  is  influenced  by  the  positions 
and  curvatures  of  the  several  refractive  surfaces,  n 
is  slightly  advanced  by  the  increased  convexity  of 
the  lens  during  accommodation,  and  much  more 
80  if  the  same  change  of  refraction  be  induced  by  a 
convex  lens  held  in  front  of  the  cornea  :  hence  convex 
lenses,  by  lengthening  d,  enlarge  the  retinal  image. 
Concave  lenses  put  n  further  back,  and,  by  thus 
shortening  d,  lessen  the  image.  If  the  lens  which 
corrects  any  optical  error  of  the  eye  be  placed  at  the 
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"anterior  focus"  of  the  eye,*  13  mm.,  or  half  an 
iucL,  iu  front  of  the  cornea,  n  moves  to  its  normal 
distance  (15  mm.)  from  the  retina,  whatever  the 
length  of  the  eye,  and  the  images  are  therefore  re- 
duced or  enlarged  to  the  same  size  as  in  the  emme- 
tropic eye.  (For  definition  of  astigmatism  see 
Chap.  XX.) 

The  length  of  the  visual  axis,  a  line  drawn  from 
the  yellow  spot  to  the  cornea  in  the  direction  of  the 
object  looked  at,  is  about  23  mm.  The  centre  of  ro- 
tation of  the  eye  is  rather  behind  the  centre  of  this 
axis,  and  6  mm.  behind  the  back  of  the  lens.  The 
focal  length  of  the  cornea  is  31  mm.,  and  that  of  the 
crystalline  lens  varies  from  43  mm.  with  accommo- 
dation relaxed,  to  33  mm.  during  strong  accommo- 
dation . 

The  optical  conditions  of  clear  sight  are  as  follows  : 
(1)  The  image  must  be  clearly  focussed  on  the 
retina,  i.  e.  the  retina  must  lie  exactly  at  the  focus  of 
the  rays  which  proceed  from  the  object  looked  at : 
(2)  it  must  be  formed  at  the  centre  of  the  yellow 
spot  (Chap.  II,  §  11)  :  (3)  it  must  have  a  cei-tain 
size,  and  this  is  expressed  by  the  size  of  the  corre- 
sponding visual  angle  (v,  Fig.  20)  ;  with  good  indoor 
light  V  must  be  equal  to  at  least  five  minutes  (yVth 
of  a  degree)  in  order  that  the  form  of  the  image  i\iay 
be  perceived ;  an  object  svibtending  any  smaller 
angle  (down  to  about  one  minute)  is  still  visible, 
though  only  as  a  point  of  light  :t  (4)  the  cornea,  lens, 
and  vitreous  must  be  clear :  (5)  the  illumination 
must  be  sufficient. — Influence  of  the  pupil. — Other 
things  being  equal,  the  larger  the  pupil  the  worse  is 
the  sight,  definition  being  lessened  by  the  spherical 
aberration  caused  by  the  marginal  part  of  the  lens 
(Fig.  9).    {See  "Artificial  Pupil.") 

*  The  anterior  focus  is  the  point  where  rays,  which  were 
parallel  in  the  vitreous,  are  focussed  in  front  of  the  cornea. 

t  In  bright  light,  as  in  the  open  air,  the  minimum  visual 
angle  is  considerably  less  than  5  minutes. 
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The  smaller  the  pupil,  the  less  is  the  spherical  aberration 
(p.  5,  and,  ccst.  par.,  the  better  the  V.  Also  the  smaller  the 
pupil  the  less  is  the  accommodation  needed  lor  near  vision.  If 
the  pupil  be  so  small  as  to  subtend  an  angle  ("  angle  of  di- 
vergence ")  of  not  more  than  5  minutes  with  any  point  on  the 
ob-ject,  the  object  will  be  clearly  seen  without  accommodation. 
By  calculation  it  appears  that  if  the  pupil  had  a  diameter 
=  "66  mm.  it  would  subtend  an  angle  of  divergence  of  5 
minutes  at  about  "5  m.  (18");  »•  «■  "ith  a  pupil  of  '66  mm. 
print  should,  in  a  good  light,  be  clearly  seen  at  18"  without 
any  accommodation.  That  this  is  true  may  be  proved  by 
looking  at  fine  print  through  a  hole  of  the  above  size  in  a  thin 
card  held  as  close  as  possible  to  the  eye. 

Numeration  of  spectacle  lenses. — Some  system  of 
numberiug  is  required  whicli  shall  indicate  the  refrac- 
tive power  of  the  lenses  used  for  spectacles.  Two 
systems  are  current. — In  the  first  system,  which  was 
till  lately  universal,  the  uuit  of  strength  is  a  strong 
lens  of  1"  focal  length.  As  all  the  lenses  used  are 
weaker  than  this,  their  relative  strengths  can  be 
expressed  only  by  using  fractions.  Thus,  a  lens  of 
2"  focus,  being  half  as  strong  as  the  unit  (§  17,  1), 
is  expressed  as  ;  a  lens  of  10"  focus  is  yV  ;  of  20" 
focus  ;  and  so  on.  The  objections  are,  that  frac- 
tions are  inconvenient  in  j^ractice  ;  that  the  intervals 
between  the  successive  numbers  are  very  unequal ; 
and  that  the  length  of  the  inch  is  not  the  same  in 
all  countries,  so  that  a  glass  of  the  same  immber 
has  not  quite  the  same  focal  length  when  made  by 
the  Paris,  English,  and  G-erman  inches  resjiectively.'* 
—  In  the  second  system,  which  has  almost  displaced 
the  old  one,  the  metrical  scale  is  used,  the  unit  is  a 
weak  lens  of  1  meti-e  (100  cm.)  focal  length,  known  as 
a  dioptre  (D),  and  the  lenses  differ  by  equal  refractive 
intervals.  A  lens  twice  as  strong  as  the  unit,  with  a 
focal  length  of  half  a  metre  (50  cm.),  is  2  dioptres 
(2  D),  a  lens  of  tea  times  the  strength,  or  one  tenth 
of  a  metre  focus  (10  cm.),  is  10  D,  and  so  on.  The 

*  1"  English  =  25-3  mm.,  1"  French  =  27  mm.,  1"  Austrian 
=  26-3  mm.,  1"  Prussian  —  26'1  mm. 
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weakest  lenses  are  "25,  '5,  and  75  D,  and  numbers 
differing  by  "5  or  '25  D  are  also  introduced  between 
the  whole  numbers.  A  slight  inconvenience  of  the 
metrical  dioptric  system  is  that  the  number  of  the 
lens  does  not  express  its  focal  length.  Tbis,  however, 
is  obtained  by  dividing  100  by  the  number  of  the 
lens  in  D  ;  thus  the  focal  length  of  4  D=^-'}^=25  cm. 
If  it  be  desired  to  convert  one  system  into  the  other, 
this  can  be  done,  provided  that  we  know  what  inch 
was  used  in  making  the  lens  whose  equivalent  is 
required  in  D.  The  meti-e  is  equal  to  about  37" 
French  and  39"  English  or  German  ;  a  lens  of  36" 
French  (No.  36  or  3^^^  old  scale),  or  o£  40"  Enghsh  or 
German  (No.  40  or  is  very  nearly  the  equivalent 
of  1  D.  A  lens  of  6"  French  (|=^'V)  will  therefore 
be  equal  to  6  D  ;  a  lens  of  18"  French  '(J^= =  2  D, 
&c. ;  a  lens  of  4  1)='-^^=^,  i.e.  a  lens  of  9" 
French,  &c. 

The  following  lenses  are  used  for  spectacles,  and 
are,  therefore,  necessary  in  a  comjslete  set  of  trial 
glasses.  The  fii'st  column  gives  the  number  in  D, 
the  second  the  focal  length  in  centimetres,  the  third 
the  approximate  numbers  on  the  French  inch  scale, 
the  denominator  of  each  fraction  showing  the  focal 
length  in  French  inches.  It  will  be  seen  that  some 
metrical  lenses  have  no  exact  equivalents  on  the  inch 
system. — In  this  table,  and  throughout  the  book, 
convex  lenses  are  indicated,  according  to  custom,  by 
the  +  sign  ;  concave  lenses  by  the  —  sign. 

Prisms  are  numbered  by  their  angle  of  refraction, 
which  is  (p.  3)  about  double  the  angle  of  deviation ; 
another  method  is  to  name  the  prism  by  the  number 
of  degrees  of  deviation  which  it  j^roduces ;  to  indi- 
cate that  degrees  of  deviation  are  meant  the  letter  d 
should  be  used ;  thus  prism  2°  d  indicates  that  the 
prism  produces  a  deviation  of  2°  (Maddox).  Prisms 
cannot  be  used  as  spectacles  of  a  greater  sti'ength  than 
about  4°  d  in  each  eye  on  account  of  the  dispersion 
of  light  which  they  produce. 
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1. 
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CHAPTER  II 


EXTERNAL  EXAMINATION  OF  THE  ETE 

(1.)  To  detect  irregularity  of  the  corneal  surface  ; 
tlie  patient  faces  the  window  and  follows  with  his  eyes 
an  object,  e.  g.  the  uplifted  finger,  held  about  18"  from 
him  and  moved  slowly  in  dift'ei'eut  directions.  The 
image  of  the  window  reflected  from  the  cornea  will 
become  distorted  or  broken  as  it  passes  over  any 
irregularity,  such  as  an  abrasion  or  ulcer. 

(2.)  To  estimate  the  tension  of  the  eyeball  (T.)  ;  the 
patient  looks  steadily  down,  and  gently  closes  the 
eyelids  ;  the  observer  then  makes  light  pressiire  on  the 
globe  through  the  iipper  lid,  alternately  with  a  finger 
of  each  hand  as  in  trying  for  fluctuation,  but  much 
more  delicately.  The  finger-tips  are  placed  very  near 
together,  and  as  far  back  over  the  sclerotic  as  pos- 
sible, not  over  the  cornea.  The  pressure  must  be 
gentle,  and  be  directed  vertically  downwards,  not  back- 
ivards.  It  is  best  for  each  observer  to  keep  to  one 
pair  of  fingers,  not  to  use  the  index  at  one  time  and 
the  middle  finger  at  another.  Patient  and  obseiwer 
should  always  be  in  the  same  relative  position,  and  it 
is  best  for  both  to  stand  and  face  one  another. 
Always  compare  the  tension  of  the  two  eyes.  Be  sure 
that  the  eye  does  not  roll  upwards  during  examination, 
for  if  this  occur  a  wrong  estimate  of  the  tension  may 
be  formed.  Some  test  both  eyes  at  once  with  two 
fingers  of  each  hand.  Normal  tension  is  expressed 
by  T.  n.  Recognisable  increase  and  decrease  are 
indicated  by  the  +  or  —  sign,  followed  by  the  figure 
1,  2,  or  3.  Thus  T.  +  1  means  decided  increase  ; 
T.  +  2,  greater  increase,  but  eye  can  still  be  indented  ; 
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T.  +  3,  eye  very  hard,  cannot  be  indented  by  moderate 
pressure;  T.  — 1  —  2  —  3  indicate  successive  degrees  of 
lowered  tension.  A  note  of  interrogation  (T.  ?-ror 
?  — )  for  doubtful  cases,  and  T.  n.  for  the  normal, 
give  nine  degrees  which  may  be  us(  fully  distin- 
guished. Even  good  observers  sometimes  differ  as  to 
the  minor  changes  of  tension.  Ajmrtfrom  variations 
in  delicacy  of  touch  it  is  to  be  remembered  that  eyes 
deeply  set  in  the  orbits  are  more  difficult  to  test,  and 
that  T.  in  a  few  cases  really  does  change  at  short 
intervals,  e.  g.  within  half  an  hour.  Increase  in  the 
rigidity  of  the  sclerotic,  which  often  occurs  in  old  age  ; 
or  in  its  thickness,  as  the  result  of  disease,  may 
increase  the  apparent  tension,  though  the  internal 
jDressure  may  be  normal  or  even  too  low.  When  an 
eye  contains  bone  it  feels  like  wood  covered  with 
wash-leather.* 

(3.)  The  field  of  vision  (F.)  (properly,  of  indirect 
vision)  is  the  entire  surface  from  which,  at  a  given 
distance,  light  reaches  the  retina,t  the  eye  being 
stationary  (Fig.  21).  If  each  part  of  the  field  be 
equidistant  from  the  part  of  the  retina  to  which  it 
corresponds,  the  field  will  be  hemispherical,  with  its 
inner  or  concave  surface  towards  the  eye ;  it  may, 
however,  be  projected  on  to  a  flat  surface,  and  for 
many  clinical  purjioses  this  is  sufficient.  For  roughly 
testing  the  field,  e.  g.  in  a  case  of  chronic  glaucoma, 
or  of  atrophy  of  optic  nerve,  or  of  hemianojjsia,  the 
following  is  generally  enough.  Place  the  patient 
with  his  back  to  the  Avindow  ;  let  him  cover  one  eye, 
and  look  steadily  at  yowx  eye  or  nose,  as  a  centre, 
from  a  distance  of  18"  or  2'.    Then  hold  up  your 

*  Plates  of  bone,  sometimes  joined  so  as  to  form  a  cup, 
are  not  uncommonly  found  on  the  inner  (retinal)  surface  of 
the  choroid  in  eyes  which  have  been  long  blind  from  irido- 
choroiditis. 

f  Strictly  "  the  percipient  part  of  the  retina."  It  now  seems 
established  that  the  most  peripheral  zone  of  the  retina  is  not 
sensitive  to  light.  (Landolt.) 
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hands  with  the  fingers  spread  out  iu  a  phxne  with  your 
face,  and  ascertain  the  greatest  distance  from  the  cen- 
tral point  at  which  they  remain  visible  wlien  moved  iu 
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Fig.  21. — Field  of  vision  witli  radius  of  12",  jjrojcfted  up  to 
45°  on  to  a  flat  surface  two  feet  square.    F,  fixation  spot. 


various  directions — up,  down,  in,  out,  and  diagonally. 
The  patient  must  look  steadily  at  the  face,  and.  not 
alloiv  his  eye  to  wander  after  the  moving  fingers. 

A  more  exact  method  is  to  make  the  patient  gaze, 
with  one  eye  covered,  at  a  white  mark  (the  "  fixation 
spot ")  on  a  large  black  board  at  a  distance  of  12" 
or  18",  and  to  move  a  piece  of  white  chalk  set  iu  a 
long  black  handle,  from  various  parts  of  the  j^eri- 
phery  towards  the  fixation  .spot,  until  the  patient 
exclaims  that  he  sees  something  Avhite.  If  a  mark 
be  made  on  the  board  at  about  eight  such  peripheral 
points,  a  line  joining  them  will  give,  with  fair  accu- 
racy, the  boundary  of  the  visual  field  if  this  be  not 
larger  than  45°  in  any  direction  ;  but  beyond  that 
angle  tbe  object,  if  on  a  flat  surface,  will  be  much  too 
far  from  the  eye  to  make  the  test  accurate  (see 
Fig.  21).  A  true  map,  unless  the  field  be  much  con- 
tracted, car  be  made  only  by  means  of  an  instru- 
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ment,  the  perimeter,  which  consists  essentially  of  an 
arc  marked  in  degrees,  and  moveable  around  a 
central  pivot  on  which  the  patient  fixes  his  gaze. 
Thns  measured  the  field  covers  a  somewhat  oval  jior- 
tion  of  the  hemisphere,  the  smaller  end  being  up- 
wards and  inwards  (Fig.  22).     From  the  fixation 


Fig.  22. — Field  of  vision  of  right  eye  as  projected  by  the 
patient  on  the  inner  surface  of  a  hemisphere,  the  pole  of 
which  forms  the  object  of  regard  (half-diagrammatic). 
T,  temporal,  N,  nasal' side,  w,  boundary  for  white  ;  B,  for 
blue;  E,  for  red;  G,  for  green.  (Landolt.) 


point  it  extends  90°  or  more  in  the  outward  direction, 
but  onlj-  about  65°  or  rather  less  inwards,  upwards, 
and  downwards.  The  visual  fields  of  the  two  eyes 
overlap  only  at  their  inner  and  central  parts,  so  that 
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binocular  vision  is  impossible  in  the  outer  part  of 
tbe  field  (Fig.  23). 


Fig.  23. — Binocular  field  of  vision.  The  white  part  is  the 
portion  common  to  the  two  eyes,  i.e.  possessing  binocular 
vision ;  the  shaded  (temporal)  part  shows  the  portion  in 
which  binocular  vision  is  wanting.  F.  Fixation  point. 
The  two  blind  spots  are  marked  by  round  spots.  (Simpli- 
fied, after  Forster.) 

(4.)  Colour  perception  is  best  expressed  by  the 
power  of  discriminating  between  various  colours  with- 
out naming  them.  The  best  test-objects  are  a  series 
of  skeins  of  coloured  wool,  or,  for  pocket  use,  smaller 
strips  of  coloured  paper,  or  coloured  stuffs.  A  colour- 
blind person  will  expose  his  defect  by  placing  together, 
or  "  confusing  "  as  similar,  certain  colours,  usually 
mixed  tints,  which  to  the  normal  eye  apj^ear  quite 
different.  The  set  of  wools  now  in  common  use  was 
introduced  by  Professor  Holmgren,  of  TJpsala*  (see 
Appendix) .  Acquired  coloui-- blindness  (from  atrophy 
of  the  optic  nerves)  may  often  be  detected  quite  well 
by  asking  the  names,  if  the  patient  has  been  well 
trained  in  colours.  But  for  the  congenitally  colour- 
blind the  "  confusion  test,"  without  names,  is  far 
better  :  first,  because  such  persons  can  often  distin- 
guish ordinary  coloured  objects  from  one  another  by 
differences  of  shade  (i.  e.  by  differences  in  the  quantity 
of  white  light  which  they  reflect),  and  hence  they 
escape  detection  unless  tested  with  a  large  series  of 


90 


*  '  De  la  Cecite  dcs  Couleurs,'  &c.,  1877. 
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different  colours  iu  many  shades,  some  of  which 
shades,  contaiuing  equal  quantities  of  white,  will  look, 
to  them,  exactly  alike ;  and  secondly,  though  such 
liersons  often  use  the  names  for  colours  freely,  the 
words  do  not  convey  the  same  meaning  to  them  as 
to  those  with  normal  colour  sense,  and  hopeless  con- 
fusion results  from  an  examination  so  made.  For 
details  see  Chapter  XV  and  Appendix. 

(5.)  Testing  the  acuteness  of  sujld. — By  acuteness 
of  sight  (V.  or  S.)  is  meant  the  power  of  distinguish- 
ing form,  and,  as  commonly  used,  the  term  refers 
only  to  the  centre  of  the  visual  field,  the  peripheral 
part  of  the  retina  having  a  very  imperfect  power 
of  distinguishing  form  and  size.  V.  varies  consider- 
ably in  different  persons  whose  eyes  are  normal.  It 
is  said  to  diminish  somewhat  in  old  age,  without 
disease  of  the  eyes  (Bonders).  The  standard  taken 
as  normal  is  the  power  of  distinguishing  scpiare 
letters  that  subtend  a  visual  angle  of  five  minutes 
(Fig.  20  and  p.  14),  the  limbs  of  which  are  of  uniform 
thickness,  each  limb  subtending  an  angle  of  1  minute 
(Snellen's  Test  Types).  Eays  forming  so  small 
an  angle  are  very  nearly  parallel,  and  may  be  con- 
sidered as  coming  from  an  object  at  an  infinite 
distance.  The  types  are  made  of  various  sizes,  each 
being  numbered  according  to  the  distance  (in  feet  or 
metres)  at  Avhich  it  subtends  a  visual  angle  of  5 
minutes.  Thus,  K"o.  6  subtends  this  angle  at  6  m., 
No.  3  at  3  m..  No.  1  at  1  m.,  &c.  Numerically,  acute- 
ness of  vision  is  expressed  by  a  fraction,  of  which  the 
denominator  is  the  number  of  the  tyjje  D,  and  the 
numerator  the  greatest  distance  (d)  at  which  it  can 
be  read,  V=i :  if  No.  6  is  read  at  6  m.  ^  =  !|  or  1, 
i.  e.  V  is  normal ;  if  only  No.  18  can  be  read  at 
6  m.  5=y%;  if  only  60,  then  5=5^5.  Any  distance 
greater  than  about  3  m.  may  be  selected  for  this  test ; 
i.  e.  No.  3  read  at  3  m.,  or  No.  5  at  5  ni.,  generally 
shows  the  same  acuteness  as  No.  6  read  at  6  m.  But 
at  distances  less  than  3  m.  the  accommodation  comes 
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into  plav,  and  the  illumination  is  often  brighter; 
hence  No.  1  at  1  m.  (i)  does  not  necessarily  show  the 
same  state  of  sight  as  No.  6  at  6  m.  (f).  It  is  there- 
fore best,  by  recording  the  fractions  unreduced,  to 
indicate  the  distance  at  which  the  test  was  used.  For 
testing  near  vision,  Snellen's  types  are  thought  by 
some  to  be  practically  inferior  to  those  of  Jaeger  and 
others,  in  Avhich  the  letters  have  the  form  and  pro- 
portions found  in  ordinary  type.  {See  Appendix.) 
If  V.  be  very  bad  (less  than  -^-^  or  it  may  be 
expressed  accurately  enough  by  noting  the  distance 
at  which  the  outsj^read  fingers  can  be  counted  when 
exposed  to  a  good  light  and  against  a  dark  back- 
ground. Below  this  point  we  can  still  distinguish 
good  from  bad,  or  uncertain,  perception  of  light  and 
shade  {p.  I.),  by  alternately  exposing  and  shading  the 
eye  with  the  hand,  without  touching  the  face. 

(6.)  Accommodation  (Acc.)  is  tested  clinically  by 
measuring  the  nearest  point  (inmctnm  jiroximum,  jh) 
at  which  the  smallest  readable  type  (Snellen's  "5  or 
Jaeger's  1)  can  be  clearly  seen.  The  region  of  accom- 
modation is  the  space  in  which  it  is  available  (see 
Presbyopia).  The  am2)litucle,2}oiver,  or  range  of  Acc. 
is  expressed  in  terms  of  the  convex  lens,  whose  focal 
length  =  the  distance  from  the  cornea*  to  jj>.,  this 
being  the  lens  which  adapts  V.  in  an  eye  without 
Acc.  from  the  farthest  pointof  distinct  vision  ( pu7icfum 
remoiiioti nmm,  r.  )  to  p.  :  thus  in  Fig.  24  let  p.  be  at  10 


FiO.  21. — AccDiniiHjdatiou  ivprL'SLMitud  l)y  ii  cohvl-.x  lens. 


*  Strictlj'  from  a  point  about  i"  in  front  of  the  cornea,  since 
tlie  glass  cannot  he  placed  upon  the  evehall. 


26       EXTERNAL  EXAMINATION  OP  THE  ETE  Chap. 


cm.  ;  if  Acc.  be  then  relaxed,  i.  e.  the  eye  be  adapted 
for  parallel  rays,  the  rays  from  p.  will  be  focussod  at 
C.  F.,  behind  the  retina ;  but  V.  will  again  be  clear 
at  10  cm.  if  a  lens,  I.,  of  10  cm.  focus  (=10  D.,  see 
]).  15)  be  held  close  to  the  cornea ;  because  rays  from 
p.  will  be  made  parallel  by  I.  before  entering  the 
eye  (Chap.  I,  §§  11  and  12),  and  will  therefore  be 
focussed  on  the  retina. 

Convergence  of  the  visual  axes  ujjon  a  point  at  any 
given  distance  is  usually  associated  with  accommo- 
dation for  the  same  distance.  The  two  functions 
can,  however,  be  somewLat  dissociated  to  an  extent 
that  varies  with  age  and  in  different  persons  ;  i.  e. 
Acc.  can  be  either  relaxed  a  little  or  increased  a 
little,  without  changing  any  given  degree  of  conver- 
gence ;  this  independent  portion  is  known  as  the 
relative  accommodation, 

(7.)  The  pupils  are  to  be  examined  as  to  their 
equality,  size  in  ordinary  liglit,  mobility,  and  form. 
The  pupils  are  often  large  and  inactive,  and  some- 
times oval,  in  amaurotic  patients,  in  glaucoma,  and  in 
paralysis  of  the  circular  fibres  of  the  iris  (supplied 
l3y  the  third  nerve).  They  may  be  too  large,  though 
active  in  myopia  and  in  conditions  of  defective  nerve- 
tone.  Wide,  recent  dilatation  of  one  pupil  or  both, 
with  dimness  of  sight  but  without  ophthalmoscopic 
signs  of  disease,  is  usvialiy  traceable  to  atropine  or 
belladonna,  used  by  accident  or  design.  When  very 
small  the  puj^il  is  seldom  quite  round. 

The  centre  of  the  pupil  usually  lies  a  little  to  the 
nasal  side  of  the  corneal  centre.*  The  pupils  should 
be  round  and,  when  equally  lighted,  equal  in  size. 
When  one  eye  is  shaded  its  pupil  should  dilate  con- 
siderably, and  on  exposure  conti*act  quickly  to  its 
former  size  ("  direct  reflex  action")  :  during  this  trial 
the  other  pupil  will  act,  but  to  a  much  less  extent 
("  indirect  reflex  action  ").    The  pupils  contract  when 

*  This  eccentricity  varies  iu  degree  and  exact  position  in 
different  persons.    (Compare  Irrcg<ilar  Astigmatism.) 


II,  EXTERNAL  EXAMINATION  OF  THE  EYE  27 


the  gaze  is  directed  to  a  uear  object  (say  6"  distant), 
i.  e.  during  accommodation  and  convergence,  and 
dilate  in  looking  at  a  distant  object ;  but  the  range 
of  this  "  associated  action  "  is  much  less  than  that  of 
the  reflex  action.  The  pupil  dilates  when  painful 
impressions  are  made  on  the  sensory  nerves  of  the 
skin,  e.  g.  by  the  faradaic  bi-ush  or  by  pricking  with  a 
pin.  The  pupils  may  be  motionless  to  light  and  shade 
from  iritic  adhesions  (Chaj).  VIII)  or  from  atrophy 
of  the  iris  in  glaucoma  or  other  local  disease ;  such 
conditions  should  be  carefully  noted  or  excluded. 
Reflex  action  is  lost  when  the  eyes  are  blind  from 
disease  of  the  optic  nerves  or  retinae  ;  if  only  one  eye 
be  blind  the  direct  action  of  the  jjupil  is  lost  in  that 
eye,  but  (unless  there  be  disease  of  the  third  nerve)  its 
indirect  action  is  much  increased.  When  one  eye  is 
blind  the  pupil  is  often  rather  larger  than  that  of 
the  other.  Reflex  action  may  also  be  lost  without 
any  affection  of  sight,  and  witlwut  loss  of  associated 
action  (Chaps.  XXI  and  XXIII). 

Pennanent  iuec^uality  of  the  pupils  without  disease, 
either  of  eyes  or  of  nervous  system,  is  rare,  but 
temporary  dilatation  of  one  pupil  is  not  uncommon. 
When  very  active  pupils  are  suddenly  exposed 
after  being  shaded  they  often  oscillate  for  a  few 
seconds  before  settling,  and  finally  remain  a  little 
larger  than  at  the  first  moment  of  exposure.  Con- 
siderable differences  in  the  action  of  the  pupils,  both 
in  range  and  rapidity,  are  com2)atible  with  health  ; 
in  general,  however,  the  pupils  become  smaller  and 
lose  both  in  range  and  rapidity  of  action  with  advanc- 
ing years  :  atropine  also  often  causes  only  partial 
dilatation  in  old  people.  Marked  inactivity,  with 
small  size,  should  excite  suspicion  of  spinal  or  cerebral 
disease  (Chap.  XXIII).  The  pujnls  are  smaller  when- 
ever the  iris  is  congested,  whether  this  be  a  merely 
local  condition  {e.g.  in  abrasion  of  cornea),  or  form 
part  of  a  more  genei-al  congestion,  as  m  typhus  fever* 

*  The  small  pu]>il  of  typhus  and  the  frequently  large  pupil 
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and  in  plethoric  states,  or  be  caused  by  venous 
obstruction,  as  in  mitral  regurgitation  and  bronchitis. 
They  are  large  in  anaemia,  in  conditions,  such  as 
aortic  insufficiency,'"  Avhere  the  systemic  arteries  are 
badly  filled,  and  during  rigors;  irritation  of  the 
sympathetic  nerve  in  the  neck  is  an  occasional  cause 
of  mydriasisf  (Chap.  XXI). 

(8.)  Note  the  colour  of  the  iris,  and  compare  it  with 
that  of  the  fellow-eye.  Occasionally  the  two  irides, 
although  healthy,  differ  in  colour,  one  being  blue  or 
grey,  the  other  brown  or  greenish  ;  more  frequently  a 
large  sector-shaped  patch  of  dark  colour  occupies 
part  of  the  iris  of  one  eye.  Small  pigmented  spots 
are  often  seen  on  the  iris.  If  the  iris  of  an  inflamed 
eye  look  greenish,  that  of  its  fellow  being  blue,  we 
should  suspect  iritis ;  and  if  the  iris  of  a  defective 
eye  be  dili'erent  from  its  fellow  some  morbid  change 
should  be  suspected  (Chap.  VIII). 

(9.)  Information  derived  from  the  blood-vessels 
visible  on  the  surface  of  the  eyeball. — Three  systems  of 
vessels  have  to  be  considered  in  disease  ;  but  most  of 
them  are  too  small  to  be  easily  seen  in  health.  (1) 
The  vessels  proper  to  the  conjunctiva  {ijosterior 
conjunctival  vessels),  in  which  it  is  not  important  to 
distinguish  between  arteries  and  veins  (Fig.  25,  Post. 
Oojy'.,  and  Fig.  26).  (2)  The  anterior  ciliary  vessels, 
lying  in  the  subconjunctival  tissue;  their  perforating 
arterial  branches  supply  the  sclerotic,  iris,  and  ciliary 
body,  their  veins  receive  blood  from  Schlemm's  canal 
and  the  ciliary  body.  The  2:)erforating  branches  of 
the  arteries  (Fig.  25,  a)  are  seen  in  health  as  several 
comparatively  large  toi'tuous  vessels  which  stop  shoi't 
about  yV"  or  i"  from  the  corneal  margin  (Fig.  27)  ; 

of  typhoid  are  ascribed  by  Murchison  to  the  differences  in  the 
vascularity  of  the  iris  in  these  diseases.  ('  Continued  Fevers,' 
p.  541.) 

*  '  Medical  Examiner,'  March  2,  1879. 

f  This  condition  seems  to  be  rare;  I  can  hear  but  little  of  it 
in  the  experience  of  my  medical  friends. 
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their  very  numerous,  small,  non-perforating  (epi- 
scleral) branches  are  invisible  in  health,  but  form, 
■svhen  distended,  a  pink  zone  of  fine,  nearly  straight. 


Fig.  25. — Vessels  of  the  front  of  the  eyeball,  cm.  Ciliary 
muscle.  C/i.  Choroid.  Scl.  Sclerotic.  F.  V.  Vena  vorti- 
cosa.  I.  Marginal  loop-plexus  of  cornea.  Ant.  and  Post. 
Cotij.  Anterior  and  posterior  conjunctival  vessels.  Ant. 
Cil.  A.  and  V.  Anterior  ciliary  arteries  and  veins.  (Simpli- 
fied and  altered  from  Leber.) 

very  closely  set  vessels  round  the  cornea  (Fig.  25,  a, 
and  Pig.  28)  ("  ciliary  congestion,"  "  circumcorneal 
zone,"  see  Iritis  and  Diseases  of  Cornea)  ;  the  perfo- 
rating veins  are  very  small,  but  more  numerous  than 


Fig.  2G. — Conjunctival  congestion  (oiiporgcmcnt  of  tlic  poste- 
rior conjunctival  arteries  and  veins.    (After  Gutlirie.) 


Fig.  27. — Congestion  of  the  perforating  branches  of  the  an- 
terior ciliary  arteries.  (Dalrymple.)  The  dusky  spots  at 
the  seats  of  perforation  are  often  seen  in  dark-com- 
plexioned persons. 


Fig.  28. — "  Ciliary  congestion  "  FiG.  29. — Congestion  of  an- 

(engorgenient  of  episcleral  terior  ciliary  veins  (epi- 

twigs  of  anterior  ciliary  ar-  scleral   venous  plexus), 

teries).  (After  Dalrymple.)  (After  Dalrymple.) 
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the  perforating  arteries  (Fig.  25,  v),  and  their  epis- 
cleral twigs  form  a  closely  meshed  network  (Fig.  29). 
(3)  The  vessels  proper  to  the  margin  of  the  cornea 
and  immediately  adjacent  zone  of  conjunctiva  {ante- 
rior co7ijunciival  vessels,  and  their  loop  yZe.T?ts  on  the 
corneal  border,  Fig.  25,  I,  and  Fig.  53)  ;  by  these 
numerous  minute  branches,  whicli  are  offshoots  of 
the  anterior  ciliary  vessels,  Systems  1  and  2  anas- 
tomose. 

Speaking  generally,  congestion  composed  of  tor- 
tuous, brigiit  red  (brick-red)  vessels  (System  1)  mov- 
ing with  the  conjunctiva  when  it  is  slid  over  the 
globe,  and  least  intense  just  around  the  cornea 
(Fig.  26),  indicates  a  pure  conjunctivitis  (ophthal- 
mia), and  is  usually  accompanied  by  muco-pui'ulent 
or  purulent  discharge.  (2)  A  zone  of  pink  conges- 
tion suiTounding  the  cornea,  and  formed  by  small, 
straight,  parallel  vessels,  closely  set,  radiating  from 
the  coraea,  and  not  moving  witli  the  conjunctiva 
(anterior  ciliary  arterial  twigs,  Fig.  28),  points  to 
iiTitation  or  inflammation  of  the  cornea,  or  iris.  A 
more  scanty  zone  of  dark  or  dusky  colour  (Fig.  29), 
which,  when  severe,  is  finely  reticulated  {episcleral 
venous  plexus),  often  points  to  glaucoma,  but  may 
accompany  other  diseases,  especially  in  old  people. 
Congestion  in  the  same  region,  more  deeply  seated, 
and  of  a  peculiar  lilac  tint,  esj^ecially  if  unequal  in 
different  parts  of  the  zone,  slaoAvs  cyclitis  or  deep 
scleritis.  (3)  Congestion  in  the  same  zone,  and  also 
composed  of  small  vessels,  but  superficially  placed, 
bright  red,  and  often  encroaching  a  little  on  the 
cornea  {anterior  conjunctival  vessels  and  loo'p plexus  of 
cornea.  Fig.  53),  shows  a  tendency  to  irritable  but 
often  superficial  corneal  inflammation.  Localised  or 
fasciculated  congestion  genei-ally  points  to  phlyc- 
tenular disease  (Figs.  45  and  46).  Althougb  in  tbe 
severe  forms  of  all  acute  diseases  of  the  front  of  the 
eye  these  types  of  congestion  are  usually  mixed  and 
but  imjjerfectly  distinguishable,  much  information 
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may  often  be  derived  from  attention  to  the  leading 
forms  described. 

(10.)  The  mohility  of  the  eyeball  may  be  impaii*ed 
iu  any  or  every  direction,  and  in  any  degree.  Com- 
monly only  one  eye  is  affected.  First,  to  test  the 
lateral  and  vertical  movements,  direct  the  patient  with 
both  eyes  open  to  look  successively  towards,  or  follow 
a  pencil  or  finger  moved  in  each  of,  the  four  directions, 
up,  down,  right,  and  left;  next,  to  test  the  con- 
vergence power,  he  looks  at  the  obiect  held  vertically 
in  the  middle  line,  rather  below  the  horizontal,  and 
gradually  approached  from  2'  to  about  6".  In  each 
position  we  must  notice  both  eyes ;  thus,  when  the 
patient  looks  to  his  right  we  have  to  note  the  out- 
ward movement  of  his  right  and  the  inward  move- 
ment of  his  left.  The  fixed  marks  for  the  inward  and 
outward  movements  are  the  inner  and  outer  canthi, 
and  as  the  apparent  range  of  movement  judged  in 
this  way  varies  a  little  in  different  people,  the  cor- 
responding movements  of  the  two  eyes  should  always 
be  compared.  In  looking  strongly  outwards  the  coi*- 
neal  margin  does  not  in  all  persons  quite  reach  the 
outer  canthus,  but  it  should  always  reach  the  inner 
canthus  during  inward  rotation.  In  children  and 
stupid  people  the  movements  are  often  defective  from 
inattention.  In  very  myopic  eyes  the  movements 
are  somewhat  defective  in  all  directions.  The  ver- 
tical movements  are  best  shown  b}^  noting  the  posi- 
tion of  the  cornea  in  relation  to  the  border  of  the 
lower  lid ;  the  border  of  the  upper  lid  is  less  trust- 
worthy, since  there  may  be  some  ptosis  or  other 
cause  of  inequalitj'^  between  the  two  sides. 

The  range  of  movement  of  the  eye  ("  Field  of  fixation,"  or 
"  Field  of  direct  vision")  can  be  measured  on  the  perimeter  in 
the  same  way  as  the  ordinary  field  (of  "indirect  vision"). 
The  test-object,  e.g.  a  word  of  small  print,  moved  along  the 
various  meridians  from  the  centre  towards  the  peripliery,  is 
followed  by  the  eye  under  examination  until  it  can  no  longer 
be  read,  i.  e.  until  the  visual  axis  can  no  longer  be  directed  to 
it.    (A  coarse  test-object  would  be  recognised  by  parts  of  the 
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retiua  away  from  the  yellow  spot,  and  must,  tlierefore,  not  be 
used.)  In  this  way  it  is  found  that  the  normal  range  of  move- 
ment of  the  eye  e.xtends  through  about  45°  in  each  direction 
from  the  centre.  The  state  of  mobility  of  the  eye,  and  the 
progress,  in  cases  of  ocular  paralysis,  may  be  accurately  recorded 
in  this  way.* 

(11.)  Squint  or  strahismiis  exists  if  tlie  visual 
axes  are  not  both  directed  to  the  same  object.  A 
squint  may  be  the  restilt  either  o£  over-action,  or  of 
weakness  or  paralysis,  of  a  muscle.  The  internal 
recti,  by  excessive  contraction,  often  cause  convergent 
squint;  but  most  other  forms  of  strabismus  result 
from  actual  defect  of  nervous  or  muscular  power. 

When  a  squint  is  well  marked  there  is  no  difficulty 
in  identifying  the  squinting  eye  as  the  one  which  is 
misdirected  when  an  object  is  held  up  to  the  patient's 
attention  :  in  most  cases  the  patient  always  squints 
with  the  same  eye,  but  a  few  persons  can  squint  with 
either  indifferently  (alternating  squint) .  Nor  is  there 
often  any  doubt  as  to  whether  the  squint  is  internal 
(convergent)  or  external  (divergent),  i.  e.  whether 
the  axis  of  the  squinting  eye  crosses  that  of  its 
fellow  between  the  patient  and  the  object  he  looks 
at,  or  crosses  it  beyond  this  object,  or  even  posi- 
tively diverges  from  it ;  upward  or  downward  squint, 
though  less  common,  is  almost  as  evident.  But 
to  prove  beyond  doubt  which  is  the  squinting  eye, 
direct  the  patient  to  look  at  a  pencil  held  up  in  the 
middle  line  at  about  18"  from  his  face,  and  with  a 
card  or  piece  of  ground  glass  cover  the  ai)parently 
sound,  or  "working"  eye  ;  the  squinting  eye  will  at 
once  move  so  as  to  look  at,  or  "fix,"  the  pencil, 
proving  that  it  had  previously  been  misdirected.  If 
the  sound  eye  be  watched  behind  the  screen  it  will 
be  seen  to  squint  as  soon  as  the  affected  eye  "  fixes  " 
the  object ;  this  is  known  as  the  secondary  squint, 
and  its  direction  is  the  same  as  that  of  the  original 

*  For  further  details  consult  a  paiier  by  Landolt  in  '  Trans. 
Intornat.  Med.  Congress,'  1881,  vol.  iii,  p.  25  (London). 
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or  2^'>'imarij  squint.  Thus  if  the  primary  squiut  be 
convergent,  the  secondary  will  also  be  convergent. 
In  squint  from  over-action,  or  from  mere  disuse,  of 
one  muscle,  the  secondary  and  j^rimary  deviations  are 
equal,  but  in  paralytic  squint  the  secondary  often  ex- 
ceeds the  primary.  If  the  squinting  eye  retain 
full  range  of  movement,  i.  e.  move  in  companionship 
with  its  fellow  in  all  directions,  the  squint  is  termed 
concomitant,  in  contradistinction  io  jjaralytic  ;  hence 
in  every  case  of  squint  it  is  necessary  to  test  the  mo- 
l)ility  of  the  eyes.  It  is  also  important  to  note 
whether  the  squint  is  constant  or  only  occasional 
{periodic)  * 

It  was,  until  lately,  usual  to  measure  the  squint 
(when  necessary)  by  means  of  a  scale  jjlaced  on  the 
lowei'  lid  and  graduated  in  such  a  way  as  to  indicate 
in  lines  (or  mm.)  the  amount  of  deviation.  The 
centre  of  this  scale,  marked  zero,  is  placed  over  the 
centi'e  of  the  lid,  and  therefore  corresponding  to  the 
centre  of  the  pupil  if  there  be  bo  squint ;  the  number 
which  corresponds  to  the  centre  of  the  pupil  of  the 
squinting  eye  gives  the  linear  measurement  of  the 
deviation.  A  more  accurate  and  more  rational  method, 
introduced  by  Landolt,  gives  the  deviation  in  terms 
of  the  angle  {d,  Fig.  30)  formed  by  the  visual  axis  of 
the  squinting  eye  where  it  cuts  that  of  the  working 
eye.  In  Fig.  30,  L  is  the  squinting  left  eye  of  the 
patient  placed  at  the  centre  of  a  perimeter  ;  L  x  ,  the 

*  We  sometimes  meet  with  an  apparent  squint,  either  external 
or  internal.  The  optic  axis  of  the  eye  passes  from  a  point 
rather  to  the  inner  side  of  the  y.  s.  through  tlie  centre  of  the 
cornea,  and  forms  a  small  angle  ("angle  a")  with  the  visual 
axis,  the  line  which  joins  the  y.  s.  to  the  object  looked  at  and 
which  commonly  cuts  the  cornea  rather  within  its  centre.  As 
we  judge  of  the  appai'ent  direction  of  a  person's  eyes  by  the 
centres  of  his  corneaj  (?'.  e.  by  the  optic  axes),  a  slight  apparent 
outward  squint  will  be  produced  if  the  angle,  a,  he  (as  in  many 
hypermetropic  eyes)  larger  than  usual,  and  an  apparent  con- 
vergent squint  if,  as  in  myopia,  it  be  smaller.  Apparent  squint 
is  always  slight,  and  the  screen  test  described  in  the  text  gives 
a  negative  result. 
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direetion  of  its  visual  axis  ;  L  Ob,  the  direction  its 
visual  axis  should  have  ;  Ob,  an  object  (as  far  off  as 
possible)  at  which  the  patient  is  to  look  ;   x  a  small 


Ob. 


Fio.  30. — Angular  measurenieut  of  squint.    (After  Landolt.) 

candle  flame  which  the  observer,  stationed  close 
behind  the  perimeter,  moves  along  the  arc  until 
he  sees  its  image  reflected  from  the  centre  of  the 
squinting  cornea  ;  the  size  of  the  angle  X  L  Ob,  read 
off  on  the  perimeter,  is  nearly*  the  same  as  that  of 
the  angle  of  deviation  cl. 

(12.)  Diplojna  (double  sigJd)  is  almost  always  a  re- 
sult of  squint,  and  is  usually  most  troublesome  when 
the  deviation  is  so  slight  as  to  be  hardly  perceptible. 

*  The  angles  x  L  Ob  and  d,  would  be  exactly  equal  if  Ob 
were  far  enough  away  to  make  L  Ob,  and  ROb,  paralli-1. 
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Diplopia  caused  by  squint  is  of  course  binocular,  and 
disappears  when  one  eye  is  covered.  Uniocular  di- 
jjlopia  (double  sight  with  one  eye),  however,  often 
occurs  in  commencing  cataract,  and  sometimes  in 
healthy  but  astigmatic  eyes  ;  it  has  also  been  met 
witli  in  some  cases  of  cerebral  tumour.  In  the  former 
cases  it  has  a  jjhysical  cause  in  the  crystalline  lens  {see 
Cataract)  ;  in  the  latter  it  must  depend  uj)on  some 
psychical  change. 

To  find  out  what  defect  of  movement  is  causing 
binocular  diplopia,  darken  the  room,  and  ask  the 
patient  to  follow  with  his  eyes  a  lighted  candle,  held 
about  6'  from  him,  moved  successively  into  different 
positions,  and  to  describe  the  relative  jilaces  of  the 
double  images  in  each  position.  Ascertain  Avhich  of 
the  two  images  belongs  to  each  eye  by  placing  before 
one  eye  a  strongly  coloured  glass,  or  by  covering  one 
eye  and  asking  which  image  disappears.  In  many 
cases  the  image  formed  in  the  squinting  eye  (the 
"false"  image)  is  less  bright  or  distinct,  and  this 
difference  gives  a  valuable  means  of  distinguishing 
the  sound  from  the  affected  eye ;  but  the  patient 
does  not  always  notice  a  difference  between  the  two 
images,  and  there  may  then  be  difiiculty  in  proving 
which  eye  is  at  fault.  The  patient's  replies  may  be 
recorded  on  such  a  diagram  as  Fig.  123  ;  other  radii 
may  of  course  be  added  for  intermediate  positions  ; 
the  false  image  is  marked  by  the  dotted  line,  the 
true  one  by  the  unbroken  line.  With  this  graphic 
representation  of  the  candle  as  it  appears  to  the 
l^atient,  we  can  deduce  from  the  apparent  position  of 
the  false  image  what  movements  of  the  corresponding 
eye  are  at  fault,  and  consequently,  which  muscle  or 
muscles  are  defective.  It  is  essential  that  the  patient 
should  not  move  his  head  dwv'mg  the  examination,  and 
that  he  remain  throughout  at  the  same  distance  from 
the  candle.  Eemember  that,  in  the  extreme  lateral 
movements,  the  nose  eclipses  one  image.  When  the 
double  images  are  very  wide  apart,  i.  e.  Avhen  there  is 
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much  squint,  the  patient  often  fails  to  notice  the  false 
image. 

For  the  diagnosis  of  a  case  of  diplopia  it  is  often 
sufficient  to  ask  in  which  directions  the  double  sight 
is  most  troublesome,  and  how  the  images  appear  in 
respect  to  height,  lateral  separation,  and  apparent 
distance  from  the  patient  (Chap.  XXI). 

(13.)  The  apparent  size  of  an  object  depends,  in 
the  first  place,  on  the  size  of  its  retinal  image,  and 
this,  as  already  shown  (§  19,  p.  12),  depends  upon  (a) 
the  size  of  the  visual  angle,  and  (6)  the  distance  of 
the  retina  from  the  nodal  point.  It  is  clear  that  in 
Fig.  20  a  smaller  object  placed  nearer  to  the  eye  or  a 
larger  one  placed  further  off  might  subtend  the  same 
angle  as  Ob,  and  therefore  have  a  retinal  image  of  the 
same  size.  There  are,  however,  other  factors  contri- 
buting to  our  estimate  of  the  size  of  objects,  espe- 
cially contrast  of  size  and  shade,  estimation  of 
distance,  and  effort  of  accommodation. 

A  white  object  on  a  black  ground  looks  larger  than 
a  black  object  of  the  same  size  on  a  white  ground. 
The  further  off  an  object  is  judged  to  be,  the  larger 
does  it  look.*  The  gi-eater  the  accommodative  effort 
used,  whatever  may  be  the  distance  of  the  object,  the 
smaller  does  it  appear  ;  thus  patients  whose  eyes  are 
partly  under  the  influence  of  atropine,  and  presbyopic 
persons  whose  glasses  are  too  weak,  complain  that 
near  objects,  if  looked  at  intently  for  a  short  time,  be- 
come much  smaller  ;  whilst  when  one  eye  is  under  the 
action  of  eserine  (causing  spasm  of  the  accommoda- 
tion) objects  appear  larger  than  if  held  at  the  same 
distance  from  the  other  eye.  Prisms  with  their  bases 
towards  the  temples  seem  to  diminish  objects  seen 
throvigh  them  by  necessitating  excessive  convergence 
of  the  eyes  (the  converse  of  Fig.  16). 

*  Apparent  distance  is  also  influenced  by  the  colom-  of  the 
object.  Tlie  chromatic  aberration  of  the  eye  is  said  toafibrd  the 
explanation  ;  rays  of  different  refraiigibilities  being:  focussed 
on  slightly  diflerent  parts  of  the  retina. 
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(14.)  Protrusion  (proptosis)  and  enlargement  of  the 
eye. —  Unequal  prominence  of  the  two  eyes  is  best 
ascertained  by  seating  the  patient  in  a  chair,  standing 
behind  him,  and  comparing  the  summits  of  the  two 
cornese  with  each  other,  and  with  the  bridge  of  the 
nose,  or  the  line  of  the  eyebrows.  The  appearance  of 
prominence  or  recession,  as  seen  from  the  front,  de- 
pends very  much  on  the  quantity  of  sclerotic  ex- 
posed ;  thus,  slight  ptosis  gives  a  sunken  appearance 
to  the  eyes,  and  in  slight  cases  of  Grraves's  disease 
the  i^roptosis  seems  to  increase  when  the  upper  lids 
are  spasmodically  raised.  It  is  to  be  remembered 
that  real  jH'orainence  of  the  eye  may  dejieud  on  en- 
largement of  the  eyeball  (myopia,  staphyloma,  intra- 
ocular tumour),  as  well  as  on  its  protrusion,  and  that 
if  only  one  eye  be  myopic,  the  ajipearance  will  be  un- 
symmetrical.  Decided  proptosis  may  follow  tenotomy 
or  jjaralysis  of  one  or  more  ocular  muscles.  In  hy- 
permetropia,  in  which  the  eyeball  is  two  short,  and  in 
the  rare  cases  of  paralysis  of  the  cervical  sympathetic, 
the  eye  often  looks  sunken. 

(15.)  The  uses  of  prisms  have  been  explained  at 

(16.)  Examination  by /ocah7Ztt?m'«aiiora  isdescribed 
in  Chap.  Ill, 
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CHAPTER  III 

EXAMINATION  OP  THE  EYE  BY  ARTIFICIAL  LIGHT 

This  includes  (1)  examination  by  focal  or  oblique 
light ;  (2)  examination  by  the  ophthalmoscope. 

(1.)  In  using /ocoY,  oblique,  or  lateral  illumination 
the  anterior  parts  of  the  eye  are  examined  with  the 
light  of  a  lamp  concentrated  by  a  convex  lens.  The 
method  is  used  to  detect  or  examine  opacities  of  the 
cornea,  changes  in  the  apj^earance  of  the  iris,  altera- 
tions in  the  outline  and  area  of  the  pupil  from  iritis, 
and  opacities  of  the  lens.  Such  an  examination  is  to 
be  made  by  routine  in  every  case  before  using  the 
ophthalmoscope.  We  require  a  somewhat  darkened 
room,  a  convex  lens  of  two  or  three  inches  focal 
length  (one  of  the  large  ophthalmoscopic  lenses),  and 
a  blight,  naked  lamp-flame. 

The  patient  is  seated  with  his  face  towards  the 
light,  which  is  at  about  2'  distance.  The  lens,  held 
between  the  finger  and  thumb,  is  used  like  a  burning- 
glass,  being  placed  at  about  its  own  focal  length  from 
the  patient's  cornea,  and  in  the  line  of  the  light,  so 
as  to  throw  a  bright  j^encil  of  light  on  the  front  of 
the  eye  at  an  angle  with  the  observer's  line  of  sight. 
Thus  all  the  superficial  media  and  structures  of  the 
eye  can  be  successively  examined  under  strong  illu- 
mination, the  distance  of  the  lens  being  varied  a  little, 
according  as  its  focus  is  required  to  fall  on  the  cornea, 
the  iris,  or  the  anterior  or  posterior  surface  of  the 
crystalline  lens  (Fig.  31).  By  varying  the  position 
of  the  light  and  of  the  patient's  eye,  making  him  look 
up,  down,  and  to  each  side,  we  can  examine  all  parts 
of  the  corneal  surface,  of  the  iris,  of  the  pupillary 
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FOCAL  ILLUMINATION 


Chap. 


area  (i.  e.  the  anterior  capsule  of  the  lens),  and  of  the 
lens- substance.  If  the  light  be  thrown  at  a  very 
acute  angle  on  the  cornea  or  lens, 
opacities  are  much  more  visible 
than  if  it  fall  almost  perpendicu- 
larly. By  habitually  magnifying 
the  illuminated  parts  by  a  second 
lens  held  in  the  other  hand,  much 
additional  information  can  be 
gained. 

For  complete  exploration  of  all 
])ai-ts  of  the  crystalline  lens  the 
pup)il  must  be  dilated  with  atro- 
pine, but  careful  examination 
without  atropine  will  generally 
enable  ns  to  de- 
tect opacities  ly- 
ing in  or  near  the 
axis  of  the  lens 
even  if  deeply 
seated.  In  exa- 
mining the  pos- 
terior jjole  of  the 
lens  the  light 
must  be  thrown 
almost  perpen- 
dicularly into  the 
pupil,  and  the 
observer  must  place  his  eye  as  nearly  in  the  same 
direction  as  is  possible  without  intercepting  the 
incident  light.  Opacities  of  the  cornea  ancl  anterior 
layers  of  the  lens  appear  whitish,  deej)  oi^acities  in 
the  lens,  especially  in  old  people,  look  yellowish, 
by  focal  light.  Tumours,  large  opacities  in  the 
vitreous,  and  retinal  detachments  may  be  seen  by 
this  method  if  they  lie  close  behind  the  lens.  Minute 
foreign  bodies  in  the  cornea  will  often  be  seen  by 
focal  light  when  invisible,  because  covered  by  hazy 
epithelium,  in  daylight. 


Fig.  31. —  Focal  illumiuation. 
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OPHTHALMOSCOPIC  EXAMINATION 
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(2.)  Oplitlialmoscopic  Examination 

The  ophtlialmoscope  enables  us  to  see  tlie  jjarts  of 
the  eye  behind  the  crystalline  lens,  by  making  the 
observer's  eye  virtually  the  source  of  illumination 
for  the  observed  eye. — Rays  oi  light  entering  the 
pupil  in  a  given  direction  are  partly  reflected  back 
by  the  choroid  and  retina,  and  on  emerging  from  the 
pupil  take  the  same  or  very  nearly  the  same  course 
that  they  had  on  entering  (p.  5,  §  12).  Hence  the 
eye  of  the  observer  if  so  placed  as  to  receive  these 
returning  rays  must  also  be  so  placed  as  to  cut  off  the 
entering  rays  ;  as,  therefoi-e,  no  light  can  enter  in  the 
necessary  direction,  none  can  return  to  the  observer's 
eye.  This  is  why  the  puj^il  is  usually  black. 
Although  with  a  large  pupil,  especially  in  a  hyjjei'- 
metropic  or  myoj^ic  eye,  the  observer  receives  some 
of  the  returning  rays  (because  he  does  not  intercejit 
all  the  entering  light),  and  in  this  way  sees  the  pupil 
of  a  fiery  red  instead  of  black,  still  for  any  useful 
examination  the  observer's  eye  must,  as  already 
stated,  be  in  the  central  path  of  the  entering  (and 
emerging)  rays. — This  end  is  gained  by  looking 
through  a  small  hole  in  a  mirror,  by  which  light  is 
reflected  into  the  patient's  pupil,  and  this  jjerforated 
mirror  is  the  ophthalmoscope.  There  are  two  ways 
of  seeing  the  deep  parts  of  the  eyeball  by  this  means. 

A.  The  indirect  method  of  examination,  by  which  a 
clear,  real,  inverted  image  of  the  fundus,  somewhat 
magnified,  is  formed  in  the  air  between  the  patient 
and  the  observer. 

The  following  simple  expei'iment  will  show  how 
this  is  elfected  : — Take  two  convex  lenses  of  about 
2"  focal  length  each ;  hold  one  in  the  left  hand, 
at  about  2"  from  this  print;  take  the  other  in  the 
right  hand,  and,  moving  your  head  a  few  inches 
l)ack,  hold  the  second  lens  at  about  its  focal  length  in 
front  of  the  first ;  you  will  then  see  an  inverted  image 
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of  the  print  slightly  maguified.  a.  Observe  that  in 
order  to  see  this  image  clearly  you  have  to  make 
an  effoi't,  and  that  you  cannot  see  both  the  image  of 
the  print  and  the  print  itself,  clearly  at  the  same 
moment ;  this  is  because  the  eye  of  the  observer  (obs. 
Fig.  32)  cannot  be  adjusted  for  the  image  (im)  and 
the  more  distant  object  (o&)  at  the  same  time.  The 
fundus  of  the  eye  seen  on  this  principle  is  magnified 


im 

I 

a 

o3 

3 

Fig.  32. — ob  is  the  object,  a.  The  first  lens.  I.  The  second 
lens.  im.  The  magnified  inverted  image  of  ob  viewed  by 
the  obferver,  obs. 


about  five  diameters,  if  the  eye  be  normal.  The 
image  is  larger  in  h  and  smaller  in  m.  b.  Notice 
that  if  the  observer's  head  be  moved  slightly  from 
side  to  side,  the  image  will  appear  to  move  in  the 
opposite  direction. 

B.  The  direct  method  of  examination  by  which  (ex- 
cept when  the  eye  is  myopic)  a  virtual,  erect  image 
is  seen,  more  magnified  than  in  the  former  method 
and  situated  behind  the  patient's  eye. 

The  conditions  are  the  same  as  those  under  which 
a  magnified  image  of  any  object  is  seen  through  a 
convex  lens  (Fig.  13),  as  in  the  following  experiment : 
— Hold  a  convex  lens  of,  say  3"  focal  length,  at  any 
distance  from  this  page  not  greater  than  3",  and 
place  your  eye  close  to  the  lens.  The  print  will  be 
magnified,  and  seen  in  its  true  position,  i,  e.  "  erect." 
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a.  The  enlargement  will  be  uioi-e  the  greater  the 
distance  of  the  lens  from  the  page  up  to  3"  (§§  16 
and  17,  p.  7).  If  the  distance  be  further  increased 
the  print  will  not  be  seen  clearly.  The  image  is  a 
"  virtual  "  one,  because  it  is  the  image  which  would 
be  formed  if  the  rays  which  enter  the  eye  in  a  diverg- 
ing direction,  could  be  prolonged  backwards  until 
they  met  behind  the  lens  (Figs.  13  and  35).  b.  If  the 
lens  be  placed  just  at  its  focal  length  from  the  paper 
the  imao-e  will  be  seen  clearlv  onlv  if  the  accommoda- 
tion  be  completely  relaxed,  c.  If  it  be  nearer  to  the 
page,  more  or  less  accommodation  must  be  used,  or 
else  the  observer  must  withdraw  his  head  further 
from  the  lens.  d.  If,  keejiing  the  lens  quite  still,  the 
observer  withdraw  his  head,  the  field  of  view  will  be 
lessened  (Fig.  14)  whilst  the  image  will  appear  to 
increase  in  size  (without  really  doing  so),  and  these 
changes  will  be  greater  the  nearer  the  lens  is  to  its 
focal  distance  from  the  paper  ;  if  it  be  almost  exactly 
at  its  i^rincipal  focal  distance,  only  a  very  small  part 
of  the  print  will  be  seen  when  the  head  is  withdrawn. 
e.  If  the  head  be  moved  a  little  from  side  to  side  the 
image  will  apj^ear  to  move  in  the  same  direction. 

The  emmetropic  eye,  with  the  accommodation  fully 
relaxed,  is  adjusted  for  distant  objects,  i.  e.  parallel 
rays,  and  receives  a  clear  image  of  such  objects  on 
the  layer  of  rods  and  cones  of  the  retina  (p.  12). — 
A  clear  image  of  the  fundus  of  the  eye,  i.  e.  the  retina, 
oj^tic  disc,  and  choroid,  can  be  obtained  in  such  an 
eye  (as  in  the  experiment  just  described,  where  the 
distance  of  the  lens  from  the  paper  was  equal  to  or 
less  than  its  focal  length)  on  condition  that  the  eyes, 
both  of  patient  and  observer,  be  adjusted  for  infinite 
distance,  i.  e.  for  parallel  rays  ;  in  other  words,  that 
the  accommodation  of  both  be  relaxed.  The  fundus 
so  seen  is  magnified  about  20  diameters. 

In  order  to  use  the  ophthalmoscope*  it  is  first 
necessary  to  learn  to  manage  the  mirror  and  light, 

*  For  choice  of  instruments  see  .\ppenilix. 
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(1)  Scat  the  patieut  in  a  darkened  room  and  place  a 
lamp  with  a  hirge,  steady,  naked  flame  on  a  level  with 
his  eyes,  a  few  inches  from  his  head,  and  about  in  a 
lino  with  his  ear.  The  lamp  may  be  on  either  side, 
but  is  usually  placed  on  his  left,  and  it  is  better  to 
keep  to  the  same  side  until  practice  has  given  steadi- 
ness to  the  various  combined  movements  which  are 
necessary.  (2)  Sit  down  in  front  of  the  i^atient  with 
his  face  fronting  your  own,  feature  to  feature.  It  is 
most  convenient  for  the  observer's  face  to  be  a  little 
higher  than  that  of  the  patient.  (.3)  Take  the 
mirror  of  the  ophthalmoscope  (without  any  lens 
behind,  and  without  the  large  lens)  in  your  left  hand 
for  examining  the  patient's  left  eye  (and  vice  versd 
for  his  right  eye),  hold  it,  mirror  towards  the  patient, 
close  to  your  own  eye,  and  with  the  sight-hole  placed 
so  that  (with  your  other  eye  closed)  you  see  the 
patient  through  it.  Now  rotate  the  mirror  slightly 
towards  the  lamp  until  the  light  reflected  from  the 
■flame  is  thrown  into  the  patient's  pupil,  and  open 
your  other  eye.  (4)  You  will  so  far  have  seen 
nothing  except  the  front  of  the  patient's  eye,  unless 
atropine  have  been  used,  for  he  will  have  looked  at 
the  centre  of  the  mirror,  and  his  pupil,  strongly  con- 
tracted, will  look  either  black  or  very  dull  red.  (5) 
Now  tell  hixn  to  look  steadily  a  little  to  one  side,  into 
vacancy,  or  at  an  object  on  the  other  side  of  the  room. 
The  pupil  will  now  become  red — bright  fiery  red  if  it 
be  rather  large ;  a  duller  red  if  it  be  small  or  the 
patient's  complexion  be  dark.  In  one  position,  when 
the  eye  under  examination  looks  a  little  inwards,  the 
red  will  change  to  a  yellowish  or  whitish  colour,  and 
this  indicates  the  jxisition  of  the  oj^tic  disc.  (6) 
Learn  to  keep  the  light  steadily  on  the  pupil,  during 
slow  movements  backwards  and  forwards  and  from 
side  to  side  (taking  care  that  the  patient  keeps  his  eye 
all  the  time  in  the  same  position,  and  does  not  follow 
the  movements  of  the  mirror)  ;  the  test  of  steadiness 
will  be  that  the  pupil  remains  of  a  good  red  colour 
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in  all  positions.  Up  to  this  point  tlie  examination 
mav  be  made  witliout  atropine  ;  and  so  far  only  a 
nuiform  red  glare  will  liave  been  seen,  no  details  of 
the  fundus  being-  visible,  unless  the  patient  be  either 
myopic  or  considerably  hypermetropic. 

In  order  to  see  the  details  of  the  fundus  it  is  best 
to  begin  by  learning  the  Indirect  Method  (Fig.  33), 
for,  though  rather  less  easy,  it  is  more  generally 
useful  than  the  direct. 

Take  the  mirror  without  any  lens  behind  it  in  one 
hand,*  and  one  of  the  large  convex  "objective"  lenses 
corresponding  to  I  in  Fig.  32  in  the  other.  Always, 
if  possible,  have  the  pupil  dilated  with  atropine,  for 
by  this  means  you  learn  to  see  the  fundus  much 
more  quickly  and  easily.  In  examining  the  patient's- 
right  eye  apply  the  mirror  with  your  right  hand  to 
your  right  eye,  holding  the  lens  in  your  left  hand  ; 
it  is  best  to  reverse  everything  for  his  left  eye,  but 
the  jjosition  of  the  light  need  not  be  changed.  Thft 
hand  which  carries  the  lens  should  be  steadied  by 
resting  the  little  or  ring  finger  against  the  ^^atient's 
brow  or  temple. 

We  usually  begin  by  looking  for  the  optic  disc, 
which  is  one  of  the  most  important  and  easily  seen 
parts.  As  the  disc  lies  to  the  nasal  side  of  the  pos- 
terior pole  of  the  eye,  the  cornea  must  be  rotated  a 
little  inwards,  i.  e.  the  back  of  the  eye  outv/ards,  in 
order  to  bring  the  disc  opposite  the  pupil,  when  the 
observer  is  immediately  in  front ;  the  right  eye,  e.  g. 
must  be  directed  to  the  observer's  right  ear,  or  to 
the  uplifted  little  finger  of  his  mirror  hand.  The 
patient  must  turn  his  eye,  not  his  head,  in  the  re- 
quired direction.  The  "lens  should  be  held  about 
2" — 3",  and  the  observer's  eye  be  about  15",  from  the 

*  But  many  learn  to  see  the  image  more  quickly  and  easily 
by  i)laoing  a  convex  lens  of  4  D.  heliind  the  mirror.  If  the- 
observer  wears  glasses  for  reading  he  should  wear  them,  or  jiut 
a  lens  of  the  same  strength  behind  the  mirror,  for  tlie  indirect 
examination. 
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patient's  eye;  the  image  of  the  fundus  being  formed 
iu  the  air  2"  or  3"  in  front  of  the  lens  will  thus  be 
situated  about  10"  from  the  observer. 

The  bright  red  glare  (from  the  choroid)  will  be 
obvious  enough  ;  but  most  beginners  find  some  diffi- 
culty in  avoiding  the  reflection  of  the  mirror  from 
the  patient's  cornea,  and  in  adjusting  the  accommo- 
dation and  the  distance  of  the  bead,  so  as  to  see  the 
image  clearly.  The  head  must  be  slowly  moved  a 
little  fiirther  from  or  nearer  to  the  patient,  and  at 
the  same  time  an  attempt  made  to  adjust  the  eyes 
(both  being  kept  open)  for  a  point  between  the  ob- 
server and  the  lens.  As  a  rule  the  disc  and  retinal 
vessels  are  seen  clearly  at  the  first  sitting. 

The  optic  disc — ending  of  the  optic  nerve  in  the 
eye  above  the  lamina  cribrosa,  oj^tic  papilla  (Figs.  34 
and  36) — is  round,  well  defined,  much  lighter  in 
colour  than  the  fiery  red  of  the  surrounding  fundus, 
and  numerous  blood-vessels  are  seen  to  radiate  from 
its  centre,  chiefly  ujawards  and  downwards.  As  soon 
as  the  disc  can  be  easily  seen  the  student  must  jmss 
on  to  the  study  of  the  most  important  details  of  this 
part  itself,  and  of  the  other  parts  of  the  fundus.  Some 
of  these  will  be  described  here  and  others  in  the 
chapters  on  the  Diseases  of  the  Choroid  and  Retina, 
and  on  the  Errors  of  Refraction. 

The  disc,  as  a  whole,  is  greyish  pink  in  colour 
with  an  admixture  of  yellow.  It  is  nearly  circular, 
but  seldom  perfectly  so,  being  often  apparently  oval 
or  slightly  irregular.  Two  difl^erently  coloured  parts 
are  noticeable — a  central  patch,  whiter  than  the  rest, 
and  into  which  most  of  the  blood-vessels  dip ;  and  a 
surrounding  part  of  pink  or  greyish  pink.  In  many 
eyes,  especially  in  old  persons,  we  distinguish  a  third 
part,  a  narrow  boundary  line  of  lighter  colour,  which 
represents  the  border  of  the  sclerotic  {scleral  ring)  * 

*  I  fail  to  see  the  force  of  the  objection  to  tlii.s  terra  raised 
by  Jaeger  and  Loring  (Lorlng's  '  Text-book,'  i,  p.  57),  since 
the  inner  sheath  of  tlie  nerve  and  the  fibres  of  the  sclera  are 
blended  into  one  at  this  part. 
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(Fig.  34).  Tlio  l»loo(l- vessels  consist  of  several  large 
trunks  and  a  varying  ninnl)er  of  small  twigs  ;  the 
large  trunks  emerge  from  the  central  white  ]>art  of 
the  disc,  and  often  bifurcate  once  or  twice  on  its 
area  ;  the  small  twigs  may  emerge  separately  from 
various  parts  of  the  disc,  or  form  l)raucbes  of  the 
large  trunks. 

Variations. — The  colour  of  the  disc  appears  jialer 
or  darker  according  to  the  colour  of  the  surrounding 
<;horoid,  the  brightness  of  the  light  used,  and  the 
patient's  age  and  state  of  health.  A  curved  line  of 
dark  pigment  often  liounds  a  part  of  the  circumfer- 
ence of  the  disc  (Fig.  36)  and  has  no  pathological 
meaning.  The  (,'entral  white  patch  varies  greatly  in 
size,  position  and  distinctness  ;  it  may  be  so  small  as 
hardly  to  be  perceptible,  or  very  large ;  may  shad(' 
off  gradually  or  be  abruptly  defined  ;  may  be  central 
or  eccentric  ;  when  large  it  generally  shows  a  greyish 
stippling  or  mottling  (Fig.  36).  This  central  white 
patch  represents  a  hollow,  j)liysiological  cuj>  or  j^it 
(compare  Figs.  36  and  37),  left  by  the  nerve-fibres  as 
they  radiate  out  from  the  centres  of  the  disc  towards 
the  retina,  like  the  tentacles  of  an  open  sea-anemone  ; 
and  through  it  the  chief  blood-vessels  pass  on  their 
way  between  tbe  nerve  and  the  retina.  This  depres- 
sion is  generally  shaped  like  a  funnel  or  a  dimple 
with  gradiially  sloping  sides  (Fig.  37)  ;  but  some- 
times the  sides  a]"e  steep,  or  even  overhanging;  in 
other  eyes  it  is  wide,  shalloAved  and  enlarged  towards 
the  outer  side  of  the  discs.  The  physiological  pit  is 
Avhiter  than  the  rest  of  the  disc,  because  the  greyish- 
jiiuk  nerve-fibres  are  absent  at  this  part,  and  we  can 
therefore  see  down  to  the  opaque,  white,  fibrous 
tissue  Avhich,  under  the  name  of  lamina  cribrosa, 
forms  the  floor  of  the  whole  disc  (Fig.  37).  The 
stippled  ap])earance  often  noticed  in  the  pit  is  caused 
by  the  holes  in  this  lamina,  through  which  the 
bundles  of  nerve-fibres  pass  on  their  way  to  the 
retina;  the  holes  appear  darker  because  filled  by 
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uon-meclullated  nerve-fibres,  which  reflect  but  little 
lio-ht. 

^The  other  parts  of  the  fundus. — The  gTOunclwork  is 
of  a  bright  fiery  red  (the  choroid,  not  the  retina) ; 
iu  uiauv  eves  this  colour  is  nearly  uniform,  but  in 
persons  of' very  light  or  very  dark  complexion  we  see 
a  pattern  of  closely  set,  tortuous,  red  bands  (vessels 
of  the  choroid),  separated  by  spaces  either  of  darker 
or  of  lighter  colour  (Fig.  34).  (For  details  see 
Chap.  XII.) 


Fig.  34. —  Oplithiilmoscopic  appearances  of  liealtliy  fundus  in  a 
person  of  very  fair  complexion.  Scleral  ring  well  uiarkeil. 
Left  eye,  inverted  image.    '^Wecker  and  Jai^ger.) 

UlDon  this  red  ground  the  vessels  of  the  retina  di- 
vide and  subdivide  dichotomously.  It  will  be  noticed 
that  the  chief  trunks  pass  almost  vertically  upwards 
and  downwards,  and  that  no  large  branches  go  to  the 
part  apjjarently  inwards  from  the  disc  (to  the  left 
in  the  figure)  ;  that  the  visible  retinal  vessels  are 
comparatively  few  and  are  widely  spread ;  that  they 
become  progressively  smaller  as  they  recede  from 
the  optic  disc  ;  and  that  they  never  anastomose  with 
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each  other.  Special  attention  must  be  given  to  the 
part,  apparently  to  the  inner  (nasal)  side  of  the  optic 
disc;  (really  to  its  outer,  temporal  side),  which  is  the 
region  of  most  accurate  vision,  the  yellow  spot  (y.  s., 
macula  lutea,  or  shortly  "macula").  In  this  region, 
which  comes  into  view  when  the  patient  looks  straight 
at  the  ophthalmoscope,  the  choroidal  red  is  duller 
and  darker  than  elsewhere.  It  is  skirted  by  large 
retinal  vessels  which  give  off  numerous  twigs  to- 
wards its  centre,  though  none  of  thena  can  be  seen 
quite  to  reach  that  point  (compare  Pig.  78,  Chap. 
XIII).  In  many  eyes  nothing  but  these  indefinite 
characters  mai'ks  the  y.  s. ;  but  in  some,  especially 
in  dark  eyes  and  young  patients,  a  minute  bright 
dot  occupies  its  centre,  and  is  encircled  by  an  ill- 
bounded  dark  area,  round  which  again  a  peculiar, 
shifting,  white  halo  is  seen.  The  minute  dot  is  the 
fovea  centralis,  the  thinnest  part  of  the  retina.  The 
neighbourhood  of  the  disc  and  y.  s.  forms  the  central 
reqion  of  the  fundus.  The  peripheral  parts  are  ex- 
plored by  telling  the  patient  to  look  successively  up, 
down,  aud  to  each  side,  without  moving  his  head. 
To  see  the  extreme  periphery  the  observer  must  move 
his  head  as  well  as  the  patient  his  eye.  Towards 
the  periphei'y  the  choroidal  trunk-vessels  are  often 
plainly  visible  even  when  none  were  distinguishable 
at  the  moi'e  central  parts. 

The  vessels  of  the  retina  ai'e  easily  distinguished 
fi'om  those  of  the  choroid  by  their  course  and  mode 
of  branching ;  by  the  small  size  of  all  except  the  main 
trunks ;  by  their  sliai'per  outline  and  clearer  tint ; 
but  especially  by  the  presence  of  a  light  streak  aloug 
the  centre  of  each  (Fig.  34),  which  gives  them  an 
appearance  of  roundness,  very  different  from  the  flat 
band-like  look  of  the  choroidal  vessels.  They  are 
divisible  into  two  sets — ^a  darker,  larger,  someAvhat 
tortuous  set — the  veius ;  aud  a  lighter,  brighter  red, 
smaller,  and  usually  straighter  set — the  arteries  ;  the 
diameter  of  corresponding  branches  being  about  as 
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3  to  2.  The  arteries  and  veins  run  pretty  accurately 
in  pairs.  Pressure  on  tlie  eyeball,  tlirougli  the 
upper  lids,  causes  visible  pulsation  of  the  arteries  on 
the  disc. 

The  indirect  method  of  examination  is  most  gene- 
rally useful,  because  it  gives  a  large  field  of  view, 
under  a  Ioav  magnifying  power  (about  five  diame- 
ters), and  thus  allows  us  to  appreciate  the  general 
character  and  distribution  of  any  morbid  changes 
better  than  if  we  begin  with  the  direct  method,  in 
which  the  field  of  view  is  smaller  and  the  magnifying 
power  much  greater.  It  has  also  the  great  advan- 
tage of  being  equally  apj^licable  in  all  states  of  re- 
fraction, whereas  if  the  patient  be  myopic  his  fundus 
cannot  be  examined  by  the  direct  method  without 
the  aid  of  a  suitable  concave  lens,  found  experimen- 
tally, jjlaced  behind  the  mirror  (p.  56).  The  inver- 
sion of  the  image  seen  by  the  indirect  method  is 
such  that  what  appears  to  be  u^jper  is  lower,  and 
what  appears  to  be  R.  is  L. 

In  the  Direct  Method,  the  examination  is  made  by 
the  mirror  alone,  or  with  the  addition  of  a  lens  in 
the  clip  or  disc  behind  it,  but  without  the  interven- 
tion of  the  objective  lens. 

By  this  method  the  parts  (unless  the  eye  be 
myopic)  are  seen  in  their  true  position  (Fig.  35), 
the  upper  part  of  the  image  corresponding  to  the 
upper  part  of  the  fundus,  the  right  to  the  right,  &c., 
it  is  therefore  often  called  the  method  of  the  "  erect " 
or  "  upright"  image;  though,  as  will  be  seen  below, 
these  terms  are  not  strictly  convertible  with  "direct 
examination."  It  is  used— (1)  to  detect  oimcities 
in  the  vitreous  humour  and  detachments  of  the 
retina;— (2)  To  ascertain  the  condition  of  the 
patient's  refraction,  i,  e.  the  relation  of  his. retina  to 
the  focus  of  his  lens-system ;— (3)  For  the  minute 
examination  of  the  fundus  by  the  highly  magnified, 
virtual,  erect  image  (Fig.  36)  ;— (4)  For  examining 
the  cornea,  iris,  and  lens  with  magnifying  power. 


OPHTHALMOSCOPIC  EXAMINATION 


Chap, 


T 

II 
II 

I 


I  >  / 

1  l>.  II 
I   I)  II 


I 


(1 

I  I 
I  I 
I  I 
I  I 
I  I 
I  I 
I  I 
I  I 
,  I 

;  I 
/  I 

!  I 
,  I 
I  I 


«  0)  <U  "rt  QJ 
c3   ^   flpj  -t~3 


III.  OPHTHALMOSCOPIC  EXAMINATION 


53 


(1.)  To  examine  the  vitreous  humour.  The  patient 
is  to  move  his  eye  freely  in  different  directions,  whilst 
the  light  is  reflected  into  it  from  a  distance  of  a  toot 
or  more  (for  details  see  Diseases  of  Vitreous) :  de- 
tachments of  the  retina  are  seen  in  the  same  way. 
Opacities  in  the  vitreous  and  folds  of  detached 
letina,  being  situated  far  within  the  focal  length  of 
the  refractive  media,  ai'e  seen  in  the  erect  position 
under  the  conditions  mentioned  at  ji.  43,  c,  the 
observer  being  at  a  considerable  distance  from  the 
eye.  If  tne  observer  be  close  to  the  patient,  Acc. 
must  be  used  or  a  convex  lens  be  placed  behind  the 
mirror,  as  in  high  degrees  of  H.  (see  next  page). 

(2.)  To  ascertain  the  refraction.  If  when  using 
the  mirror  alone  at  a  distance  of  12" — 18",  or  more, 
from  the  patient's  eye,  we  see  some  of  the  retinal 
vessels  clearly  and  easily,  the  eye  is  either  myopic  or 
hyjiermetropic.  If,  when  the  observer's  head  is 
moved  slightly  from  side  to  side,  the  vessels  seem  to 
move  in  the  same  direction,  the  image  seen  is  a 
virtual  one  and  the  eye  hyix'rmetropic.  The  eye  is 
myopic  if  the  vessels  seem  to  move  in  the  contrary 
direction  ;  the  image  in  M.  is,  indeed,  formed  and 
seen  in  the  same  wav  as  the  inverted  imafre  seen  bv 
the  "indirect"  method  of  examination  (compare  Figs. 
88  and  105),  but  except  in  the  highest  degrees  of  M. 
it  is  too  large  and  too  far  from  the  patient  to  be  use- 
ful for  detailed  examination.  In  low  degrees  of  M. 
this  image  is  formed  so  far  in  front  of  the  patient's 
eye  as  to  be  visible  only  when  the  observer  is  distant 
perhaps  3'  or  4' ;  whilst  in  E.  and  in  the  lower 
degrees  of  H.  the  (erect)  image  will  not  be  easily 
seen  at  a  greater  distance  than  12"  or  18"  (p.  43,  //, 
and  Fig.  14).— If,  therefore,  in  order  to  get  a  clear 
image  by  the  direct  method,  the  observer  has  to  go 
either  very  near  to,  or  a  long  way  from,  the  patient, 
no  great  eri'or  of  refraction  can  be  present. 

Tbe  above  tests  only  reveal  qualitatively  the  pre- 
sence of  either  M.  or  H.,  but  by  a  modification  of  the 
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method,  the  quantity  of  any  error  of  refraction,  e.g. 
H.,  can  be  determined  with  great  accuracy — (Deter- 
mination of  the  refraction  by  the  ophthalmoscope) . — In 
E.,  as  ah-eady  stated  at  p.  43,  the  erect  image  can  be 
seen  only  if  the  observer  be  near  to  the  patient,  and 
also  completely  relax  his  accommodation  ;  for,  in 
experiment  d  there  described,  when  the  head  was 
Avithdrawn  from  the  lens  the  field  of  view  and 
illumination  rapidly  diminished.  The  same  occurs 
with  the  eye,  but  in  a  much  greater  degree,  and 
hence  in  E.  no  useful  vieAV  can  be  gained  by  the 
direct  method  without  going  very  near  to  the  eye. 

In  H,,  where  the  retina  is  within  the  focus  of  the 
lens-system,  the  erect  image  is  seen  when  close  to  the 
jiatient's  eye  only  by  an  effort  of  accommodation  in 
the  obsei'ver,  just  as  in  the  same  experiment  when 
the  lens  was  within  its  focal  length  from  the  page 
(p.  43,  c).  And  as  in  that  experiment  the  print  was 
also  seen  easily,  even  when  the  head  was  withdrawn, 
so  in  H.  the  erect  image  is  seen  at  a  distance  as  well 
as  close  to  the  patient. 

If  now  the  observer,  instead  of  increasing  the 
convexity  of  liis  crystalline,  place  a  convex  lens  of 
equivalent  power  behind  his  ophthalmoscope  mirror, 
this  lens  will  be  a  measure  of  the  patient's  H.,  i.e.  it 
will  be  the  lens  which,  when  the  patient's  accom- 
modation is  in  abeyance,  will  be  needed  to  bring 
parallel  rays  to  a  focus  on  his  I'etina.  If  a  higher 
lens  be  nsed,  the  result  will  be  the  same  as  when  in 
the  experiment  the  convex  lens  was  i-emoved  beyond 
its  focal  length  from  the  print ;  the  fundus  will  be 
more  or  less  blurred. 

Hence  to  measure  H. : — (1)  Acc.  both  in  patient 
and  observer  must  be  fully  relaxed  (usually  hy 
atropine  in  the  patient  and  by  voluntary  effort  in  the 
observer)  ;  (2)  the  observer  must  go  as  close  as  pos- 
sible to  the  patient ;  (3)  he  must  then  place  convex 
lenses  behind  his  mirror,  beginning  at  the  weakest 
and  increasing  the  strength,  till   the   highest  is 
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reached  which  still  iiermits  the  details  of  the  o.  d., 
or,  better,  of  the  y.  s.,  to  be  seen  with  perfect  clear- 
ness.— By  practice  the  distance  between  the  cornese 
of  patient  and  observer  may  be  reduced  to  about  1". 
The  light  must  be  on  the  saiue  side  as  the  eye  under 
examination.  The  right  eye  must  examine  the  rigbt, 
and  ince  versa. 

In  the  same  way,  though  with  less  accuracy  in  the 
high  degrees,  M.  can  be  measured  by  means  of  con- 
cave lenses  ;  the  lowest  lens  wdtli  which  a  clear  erect 
image  is  obtained  being  slightly  more  than  the  mea- 
sure of  the  M. 

It  is  sometinles  useful  to  know  liow  niucli  leng'tliening  or 
sliortening  of  the  ej'e  corresponds  to  a  given  nfiutralising  lens. 
'J'lie  following  numbers,  sliglitly  altered  from  Knapp,  are  suffi- 
ciently near  the  truth.  The  distance  between  the  eye  of  the 
observer  and  that  of  tlic  patient  is  supposed  to  be  not  more 
than  1  inch. 

H.  of  1  D.  represents  shortening  of   -3  mm. 

2  „  „  ^  -5  „ 
j>  3  ,,  ,,  !•  „ 
),  5  1"5  „ 
„  6  „  „  2-  „ 
•>      9                           ,,  3'  ,, 

12  „  „  4-  ., 

»    18  „  ,,  G'  „ 

M.  of  1  D.  represents  lengthening  of  '3  ,, 

>>      2  „  „  -5  ,, 

3  „  „  -9  „ 
)>      5            ,,              ,,            1"3  ,, 

6  „  „  1-75  „ 

>>      9  >>  >>  2'6  ,, 

..     12  „  „  3-5  „ 

if     18  „  .,  5*  ,, 

Astigmatism  (As.)  may  also  be  measui-ed  by  this 
method,  the  refraction  being  estimated  successively 
in  the  two  chief  meridians  by  means  of  appropriate 
retinal  vessels  {see  Astigmatism).  Any  line,  e.g. 
a  horizontally  running  vessel,  is  seen  by  means  of 
rays  which  pass  through  the  meridian  of  the  cornea 
at  a  right  angle  to  its  course  ;  hence  if  a  vertical 
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vessel  be  clearly  seen  thi'ough  a  +  2  D.  lens  there  is 
H.  2  D.  ill  the  horizontal  meridian,  &c. 

This  apj)lication  of  the  direct  method  needs  much 
practice.  The  lenses,  of  which  there  are  twenty  or 
more,  are  placed  in  a  thin  metal  disc,  which  can  be 
revolved  behind  the  mirror  so  as  to  bring  each  lens 
in  succession  opposite  the  sight-hole.  There  are 
many  forms  of  these  "  refraction  ophthalmoscopes," 
varying  in  the  details  of  their  construction  {see 
Ai)pendix). 

(3.)  The  erect  image  is  very  valuable,  on  account 
of  the  high  magnifying  power  (about  20  diameters 

in  the  E.  eye),  for 
the  examination  of  the 
finer  details  of  the 
fundus.  The  disc  looks 
less  sharply  defined, 
because  more  magni- 
fied, than  when  seen  by 
the  indirect  method ; 
both  the  disc  and  the 
retina  often  show  a 
faint  radiating  stria- 
tion  (the  nerve-fibres) ; 
the  lamina  crihrosa  is 
often  more  brilliantly 
white ;  and  the  pig- 
ment epithelium  of  the 
choroid  can  be  recog- 
nised as  a  fine  uniform 
dark  stippling. 
If  the  refraction  be  E.  or  H.  no  lens  is  needed 
behind  the  mirror  ;  if  M.,  a  concave  lens  ninst  be 
placed  in  the  clip  behind  the  mirror,  of  sufficient 


Fig.  36. — Oplithalmoscopic  ap- 
pearance of  healthy  disc,  as 
seen  in  the  erect  image.  Dark 
vessels,  veins.  Physiological 
pit  stippled.  X  15  diameters. 
(After  Jaeger.) 
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By  reference  to  Fig.  35  it  will  be  seen  that  only 
those  rays  are  useful  which  strike  near  the  centre  of 
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Fig.  37. — Vertical  section  of  healthy  optic  disc,  &e.  x  about 
15.  B.  Retina,  outer  layers  shaded  vertically,  nerve-fibre 
layer  shaded  longitudinally.  Ch.  Choroid.  Scl.  Sclerotic. 
L.  Or.  Lamina  cribrosa.  S.  V.  Subvaginal  space  between 
outer  and  inner  sheath  of  optic  nerve.  The  central  vein 
and  one  of  the  divisions  of  the  central  artery  are  seen  in 
the  nerve  and  disc. 

the  mirror,  none  others  entering  the  patient's  pupil ; 
hence,  if  the  aperture  in  the  mirror  be  too  large  the 
fundus  will  not  be  well  lighted.  It  should  not  be 
larger  than  3  mm.,  nor  smaller  than  2  mm. 

(4.)  Minute  changes  in  the  cornea,  iris,  and  lens 
can  often  be  better  studied  by  direct  ophthalmoscopic 
examination  with  a  high  +  lens  behind  the  mirror 
than  by  focal  .illumination  (p.  40).  All  opacities 
seen  in  this  way,  however,  look  black  against  the 
red  background,  whilst  by  focal  light  they  are  seen 
in  their  true  colours. 

Retinoscopy  {Keratoscopy ,  Pupilloscopy,  or  the 
Shadoiv  Test). 

By  this  method  the  refraction  is  determined  by 
noticing  the  direction  of  movement  of  the  light 
thrown  on  to  the  retina  by  the  mirror,  when  the  latter 
is  rotated.  The  degree  of  error  of  refraction  is 
measured  by  the  lens,  which,  placed  close  to  the 
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l)atient's  eye  in  a  case  of  ametropia,  renders  tlie 
movement  and  otlier  characters  of  the  illumiuatiou 
the  same  as  in  emmetropia. 

The  test  is  most  accurate  when  used  at  a  givat 
distance  from  the  patient ;  in  practice  a  distance  of 
about  1  m.  (100—120  cm.  or  3'— 4'  is  chosen.  The 
observer,  seated  in  front  of  his  patient,  throws  the 
light  from  an  ojjhthalmoscope  mirror  into  the 
patient's  pupil.  He  will  tlien  sec;  the  area  of  the 
pupil  illuminated,  and  on  slightly  rotating  the  mirror 
will  notice  a  movement  in  tliis  lighted  area,  which 
movement  will  have  a  direction,  either  tbe  same  as, 
or  opposite  to,  that  in  which  the  mirror  is  turned 
("with"  or  "against"  the  mirror).  The  lighted 
area  is  bordered  by  a  dark  shadow,  and  it  is  to  the 
edge  of  this  shadow  that  attention  must  be  directed. 
This  edge  is  parallel  to  the  axis  on  which  the 
mirror  is  turned,  but  moves  in,  and  shows  the  I'efrac- 
tion  of,  tbe  meridian  at  right  angles  to  it,  e.g. 
the  shadow  whose  edge  passes  vertically  across  tbe 
pujiil  moves  across  the  borizontal  meridian,  the  re- 
fraction of  which  it  indicates,  aud  vice  versa.  Keti- 
noscopy  may  be  practised  with  a  concave  or  a  plane 
miri-or.  With  the  former  the  sbadow  moves 
"against"  the  mirror  in  E.  H.  and  low  M. ;  and 
"  with"  the  mirror  in  M.  of  more  than  1  D.  With 
the  latter  these  movements  are  exactly  reversed. 
Tbe  light  should  be  thrown  as  nearly  as  possible  in 
the  direction  of  the  visual  axis  and  the  lamp  be  placed 
immediately  over  the  patient's  head  rather  than  to 
one  side. 

(1.)  With  a  concave  mirror  (of  about  22  cm.  focus) 
(Fig.  38).  In  Fig.  38,  1,  the  mirror,  m,  forms  an 
inverted  image,  i,  of  tbe  light,  l,  at  its  principal 
focus,  and  i  becomes  the  source  of  light  for  the  eye, 
E.  A  second  image  of  i,  again  inverted,  is  formed 
at  i'  on  the  retina  of  e.  If  the  far  point  of  e  be  at  i 
this  retinal  image,  i',  will  be  clear  and  distinct,  but  in 
eveiy  other  case  it  will  be  more  or  less  out  of  focus 
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FlO.  38.  -  l{t'tiiio>c(i]iy  {iriih  concave  mirror). 
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and  indistinct.  On  rotating  m  to  m',  i  will  move  to 
I-  and  i'  to  i'2,  and  these  movements  (of  i  and  i') 
will  occur  no  matter  what  the  refraction  of  e  may  be. 

The  observer  ])laced  behind  m  sees  an  image  of  i' 
formed  in  tlie  same  way  as  the  image  of  the  fundus 
seen  by  the  direct  metiiod  (p.  43)  and  therefore  either 
inverted  and  real,  or  erect  and  virtual,  according  as 
the  refraction  of  the  eye  is  M.  or  H.  (p.  53).  If  the 
observer's  eye  be  accurately  adapted  for  this  image 
of  i'  he  will  indeed  see  not  only  the  light  and  shadow, 
but  the  I'etinal  vessels  ;  he  neglects  these,  however,  in 
attending  to  the  movements  of  the  shadow. 

In  the  following  description,  l.  i,  and  i"'^  are  dis- 
regarded, i'  or  i'^  being  considered  as  the  source  of 
light. 

If  E  be  myopic  (Fig.  38,  2)  the  image  of  i'  is  real 
and  inverted  and  formed  at  i",  the  far  point  of  e 
(compare  Fig.  105).  On  rotating  the  mirror  (as  in 
Fig.  38,  1),  i'  will  move  to  i'^,  and  i"  will  move  to  i'"^, 
i.  e.  the  image  seen  by  tbe  observer  moves  in  the  same 
direction  as  (or  "with'')  the  mirror. 

If  E  be  hypermetropic  (Fig.  38,  3)  or  etnmetropic 
rays  reflected  f i-om  its  retina  leave  the  eye  divergent  or 
parallel  and  are  not  brought  to  a  focus  aftere merging; 
the  observer  therefoi-e  sees  a  virtual  image  erect  at 
i",  the  virtual  focus  of  i'  (compare  Fig.  13)  and  sees 
its  movements  actually  as  they  occur,  i.  e.  in  the  same 
direction  as  the  movements  of  the  real  image  i'  or  i'^, 
and  therefore  "against"  the  movements  of  the  mirror. 
Hence  in  H.  and  Em.  the  shadoio  moves  "  against'' 
the  mirror. 

The  above  statement  for  myopia  is  true  only  if 
the  observer  be  beyond  the  far  point  of  the  observed 
eye  {see  Myopia).  In  M.  of  1  D.  the  rays  return- 
ing from  the  patient's  eye  are  focussed  at  a  distance 
of  1  m.,  and  if  the  observer  intercept  these  rays 
before  they  meet  (Fig.  38,  4)  he  will  refer  them 
towards  i"  and  i"-  and  obtain  au  erect  virtual  but 
unfocussed  image  of  i',  the  movements  of  which  will 
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be  the  same  as  those  iu  H.  or  E.  (Fig.  38,  3),  i.e. 
"against"  the  mirror.  Hence,  at  a  distauce  of 
about  1  m.  movement  "against"  the  mirror  may 
indicate  M,  of  about  1  D.,  or  E.  or  H.  The  lowest 
M.  which  can  give  the  characteristic  movement  at 
this  distance  is  slightly  more  than  1  D.,  say  1'25  D. 

(2.)  With  a  plane  mirror  (Fig.  39).  Here  the 
source  of  light  for  the  observed  eye  is  an  erect  and 
virtual  image  of  the  flame  formed  at  the  same  distance 
behind  the  mirror,  as  the  lamp  is  in  front  of  it.  In 
Fig,  39,  1,  this  image  is  at  I,  the  virtual  focus  of  l. 
A  second  and  inverted  image  of  I  is  formed  on  the 
retina  of  e  at  i.  The  movements  of  these  images,  on 
rotation  of  the  mirror,  are  the  reverse  of  those  of  the 
imago  I  (and  its  retinal  image  i')  Fig.  38.  1.  obtained 
when  the  concave  mirror  is  used.  When  the  mirror 
M  is  rotated  to  m',  I  will  move  in  the  ojjposite  direc- 
tion, to  I',  but  its  retinal  image  i  will  move  to  i' ;  i.  e. 
in  tbe  same  direction  as,  or  "  with  "  the  mirror.  These 
movements  of  I  and  i  occur  in  every  eye,  whatever  its 
refraction.  In  E.  and  H.,  hoAvever,  the  movement  of 
the  retinal  image  is  seen  as  it  occurs  (and  therefore 
"with"  the  mirror),  but  in  M.  (Fig.  39, 2)  the  observer 
sees  an  inverted  image  of  i  formed  at  the  far  point 
of  E,  and  its  movements  are  exactly  the  reverse  of 
those  of  the  retinal  image.  Therefore,  when  ou 
rotating  m  to  m'.  i  moves  to  i"'  the  image  i'  seen  by 
the  observer  moves  to  i'-,  /.  e.  "against"  the  mirror. 
If  the  plane  miiTor  be  used  at  a  distance  of  rather 
more  than  1  m.  (3'  — 4')  from  the  patient  a  movement 
of  the  shadow  "with"  the  mirror  Avill  occur  in  m.  of 
1  D.  or  less,  for  tbe  reasons  given  previously  (Fig. 
38,4);  but  if  the  observer  be  about  2  m.  (say  7') 
away  the  characteristic  movement  against"'  the 
mirror  will  be  obtained  unless  the  M.  be  less  than 
•5  D. ;  since  the  far  point  of  an  eye  with  M.  '5  D.  and 
therefore  the  image  seen,  is  at  2  m.  As  a  plane 
min  or  gives  at  a  long  distance  a  better  illumination 
than  a  concave  one  it  can,  if  necessary,  be  used  at  a 
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greater  distance  from  the  patient,  and  by  tliis  means 
low  degrees  of  ametroijiabevery  accurately  measured. 
G-enerally,  however,  tbe  distance  given  (3' — 4')  will 
be  found  most  convenient. 

In  employing  retinoscopy  the  ])atieut  is  armed  with 
a  trial  frame  into  which  lenses  are  successively  put 
until  one  is  reached  which  just  reverses  the  move- 
ment of  the  shadow.  This  lens  indicates  nearly,  but 
not  quite,  the  refraction  of  the  eye  under  observation. 
In  H.  we  must  subtract  (about)  1  D.  from  the  lowest 
4-  lens  which  reverses  the  shadow,  because  we  know 
that  this  movement  would  not  occur  till  a  Myopia  of 
at  least  1  D.  had  been  produced.  In  M.,  for  tbe  same 
reason,  1  D.  must  be  added  to  the  lowest  —  lens 
which  reverses  the  shadow. 

Astigmatism  is  easily  detected,  and  its  amount 
measured  by  observing,  on  rotating  the  mirror,  first 
from  side  to  side,  then  from  above  downwards, 
whether  the  shadow  has  the  same  movement  and 
characters  in  each  direction;  or  by  noting  that  when 
the  shadow  in  one  meridian  is  "corrected"  by  a  lens, 
the  meridian  at  right  angles  to  it  still  shows  decided 
ametropia.  The  lens  is  then  found  which  corrects 
the  latter  meridian,  and  the  As.  equals  the  difference 
between  the  two  lenses. 

Apart  from  the  direction  in  which  the  image  (and 
shadow)  moves,  something  may  be  learned  from 
variations  in  (1)  its  brightness  ;  (2)  its  rate  of  move- 
ment ;  (3)  the  form,  straight  or  crescentic,  of  its 
border.  The  image  is  brightest,  its  movement 
quickest  and  most  extensive,  in  very  low  M.  and  in 
Em.  The  higher  the  ametrojiia,  whether  M.  or  H., 
the  duller  is  the  illumination,  the  slower  and  less 
extensive  its  movement,  and  the  more  crescentic  and 
ill  defined  its  shadow  border.  The  brightness  of  the 
image  depends  on  how  clearly  i  (Fig.  38, 1)  is  f ocussed 
on  the  retina ;  the  more  accurately  i'  is  an  image  of 
I,  the  brighter  and  larger  will  i'"'  (Fig.  38,  2  or  3) 
be  ;  and  as  the  flame  is  rectangular,  the  borders  of 
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the  image  will  be  nearly  straight.  These  conditions 
occur  when  the  eye  is  exactly  adapted  for  the  distance 
of  I,  i.e.  in  M.  of  1  D.  or  less.  If  the  M.  be  higlier  than 
1  D.,  I  will  be  ont  of  focus,  and  therefore  be  spread 
over  a  larger  retinal  area,  and  being  formed  by  the 
same  number  of  rays  as  before,  it  will  be  less  bright. 
The  image  i"  (Fig.  38,  2)  will  be  correspondingly 
diffused  and  dull,  and  being  formed  nearer  to  the 
patient's  eye,  as  for  example  at  x,  it  will  move  onlv 
from  X  to  x'  in  the  same  time  as  i"  takes  in  moving 
to  i"-,  and  hence  its  movement  is  slower  and  less 
extensive.  The  same  is  true  in  H.  (Fig.  38,  3),  because 
tlie  higher  the  H.,  the  more  diffused  is  i'  and  the 
nearer  is  i"  to  the  patient's  eye.  In  both  cases,  high 
M.  and  high  H.,  the  border  of  the  shadow  is  crescentic 
because  the  diffused  image  forms  a  nearly  round  area 
on  the  retina. 

Hetinoscopy  is  a  valuable  means  of  objectively 
determining  the  quantity  of  any  error  of  refraction, 
and  as  it  is  more  easily  learnt,  and  on  the  whole 
more  accurate  in  its  results,  than  estimation  by  the 
direct  method  (j).  55)  it  has  in  the  bands  of  many  of 
our  students  and  assistants  almost  displaced  the 
latter  method  during  the  last  four  or  five  years,  as  a 
preliminary  to  testing  the  patient  with  trial  lenses. 
For  the  quick  discovery  of  very  slight  astigmatism, 
and  of  the  direction  of  the  chief  meridians  in  astig- 
matism of  all  degrees,  retinoscojjy  jjrobably  excels  all 
other  methods. 

Ketinoscopy,  however,  carries  with  it  none  of  the 
collateral  advantages  afforded  by  a  thorough  training 
in  the  more  difficult  "  direct  method  "  ;  for  in  retino- 
scopy  we  see  nothing  and  think  nothing  of  the  con- 
dition of  the  fundus  of  the  eye.  Accurate  retiuoscopy 
is  not  quicker  than  measurement  by  this  direct 
method ;  indeed,  with  a  good  instrument  the  latter 
method  certainly  has  the  advantage  iu  rapidity. 
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I  tliiuk  there  is  reason  to  fear  that  the  free  use  of 
retinoscopy  by  students,  before  they  have  mastered 
the  more  difficult  "  direct  method,"  may  tend,  to 
lower  the  j^resent  high  qviality  of  English  ophthal- 
moscopic work.  I  cannot  help  thinking  therefore 
that  the  importance  of  retinoscopy  has  been  some- 
what overrated,  and  that  though  in  some  difficult 
cases  it  will  remain  our  best  objective  test,  we  shall 
do  well  generally  to  use  it  as  an  auxiliary,  rather 
than  as  a  substitute  for  other  methods. 
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CHAPTER  IV 

DISEASES  OF  THE  EYELIDS 

The  bordei'of  the  lid.wliiclicontainstlieMeibomiau 
glands,  the  follicles  of  the  eyelashes,  and  certain 
modified,  sweat-glands  and  sebaceous  glands,  is  often 
the  seat  of  troublesome  disease.  Being  half  skin  and. 
half  mucous  membrane,  it  is  moist  and  more  suscep- 
t|ble_  than  the  skin  itself  to  irritation  by  external 
causes ;  being  a  free  border,  il"s~crrculation  is  ter- 
minal, and  therefore  especially  liable  to  stagnation, 
rts  numerotis  and  deeply-reaching  glaud^ular  struc- 
tures, therefore,  furnish  an  apt  seat  for  chronic  in- 
flammatory changes. 

Blepharitis  (ophthalmia  tarsi,  tinea  tarsi,  sycosis 
tarsi)  includes  all  cases  in  which  the  border  of  the 
eyelid  is  the  seat  of  subacute  or  chronic  inflamma- 
tion. There  are  several  types.  The  skin  is  not  much 
altered,  but  chronic  thickening  of  the  conjunctiva 
near  the  border  of  the  lid  is  generally  observed.  The 
disease  may  affect  both  lids  or  only  one,  and  the 
whole  length  or  only  a  part. 

In  the  commonest  and  worst  form  the  glands 
and  eyelash-follicles  are  the  principal  seats  of  the 
disease.  The  symptoms  are,  firm  thickening  and 
dusky  congestion  of  the  border  region,  Avith  exuda- 
tion of  sticky  secretion  from  its  edge,  gluing  the 
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lashes  together  into  little  pencils.  Very  mild  cases 
present  merely  overgrowth  of  lashes  and  excess  of 
Meibomian  secretion.  But  generally  the  disease 
progresses  ;  little  excoriations,  and  ulcers  covered  by 
scab,  form  along  the  free  border,  and  often  minute 
pustules  appear ;  the  thickening  and  vascularity  in- 
crease; the  lashes  are  loosened,  and  free  bleeding 
occurs  if  they  are  pulled  out.  After  months  or  years 
of  varying  activity  some  or  all  of  the  hair-follicles 
become  altered  in  size  and  dii-ection,  or  quite  oblite- 
rated ;  and  the  lashes  stunted,  misplaced,  or  entirely 
lost.  As  the  thickening  gradually  disapjiears.  little 
lines,  or  thin  seams,  of  scar  form  just  within  the 
edge  of  the  lid,  and  often  cause  slight  eversion. 
The  resulting  exj^osure  of  the  marginal  conjunctiva, 
added  to  the  scantiness  of  the  cilia,  causes  the  dis- 
agi-eeably  raw  and  bald  appearance  termed  lippitudo; 
and  epiphora,  from  eversion,  tumefaction,  or  nar- 
rowing of  the  puncta  often  results.  Often,  however, 
the  disease  leacts  to  nothing Avorse  than  the  permanent 
loss  of  a  certain  number  of  the  lashes. 

In  another  type  the  changes  are  quite  superficial — 
marginal  eczema;  the  patient  is  liable,  perhaps 
through  life,  to  soreness  and  redness  of  the  borders  of 
the  lids,  and  little  crusts,  scales,  or  pustules,  form  at 
the  roots  of  the  lashes,  the  growth  of  the  lashes  not 
being  much  interfered  with.  In  such  peo^ile  the- 
eyes  look  weak  or  tender;  the  condition  is  made 
worse  by  exposure  to  heat,  dust,  and  wind,  and  by 
long  spells  of  work  (see  Chronic  Lacrimal  Conjunc- 
tivitis, p.  97), 

Ophthalmia  tarsi  generally  begins  in  childhood,, 
and  an  attack  of  measles  is  a  common  exciting  cause. 
It  seldom  becomes  severe  or  persistent  excej^t  from 
neglect  of  cleanliness  in  a  child  with  sluggish  circu- 
lation ;  the  patients  are  generally  anseniic,  often 
scrofulous,  and  the  condition  is  then  often  the 
result  of  a  previous  more  acute  ophthalmia.  In 
adults  severe  sycosis  of  the  eyelids  may  accompany 
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sycosis  of  the  Ix^ard,  but,  as  a  rule,  no  teudt'iiey  to 
such  disease  of  tlie  skin  is  observed. 

Treatment. — Wljeu  the  inflammatory  symptoms 
are  severe  nothing  has  such  a  marked,  elfoct  as  pull- 
ing out  all  the  lashes.  Cases  of  a  few^  weeks'  stand- 
ing may  be  cured  aud  recurrences  in  older  cases  very 
much  relieved  by  one  or  two  such  epilations,  together 
with  local  remedies.  Local  apphcations  are  always 
needed.  (1)  for  the  removal  of  the  scabs,  (2)  to  sub- 
due the  inflammatory  syni])toms.  A  warm  alkaline 
and  tar  lotion,  with  which  the  lids  are  to  be  carefully 
soaked  for  a  quarter  of  an  hour  night  and  morning, 
followed  by  a  weak  mercurial  ointment  apyjlied  along 
the  edges  of  the  lids  after  each  bathing,  is  an  efficient 
plan  if  the  mother  will  take  pains.  In  bad  cases 
painting,  or  pencilling,  the  border  of  the  lid  with 
nitrate  of  silver,  either  in  strong  solution,  or  the 
diluted  stick,  or  the  use  of  weak  copper  drops  is  very 
useful  in  addition  to  the  ointment.  In  old  cases 
with  much  epiphora  the  canaliculus  is  to  be  slit  up. 
The  patients  generally  need  a  long  course  of  iron. 
(F.  1,  2,  3,  6;  15,  16; "24,  25,  26). 

A  stye  is  the  result  of  suppurative  inflammation  of 
the  connective  tissue,  or  of  one  of  the  glands,  in  the 
margin  of  the  lid.  Owing  to  the  close  texture  of  the 
tarsus  and  the  vascularity  of  the  parts,  the  pain  and 
swelling  are  often  severe,  and  even  alarming  to  the 
patient.  The  matter  generally  points  around  an 
eyelash  ;  but  if  sealed  in  a  Meibomian  gland,  it  may 
point  either  to  the  border  of  the  lid  or  to  the  con- 
junctiva, rarely  to  the  skin.  .  . 

Styes  almost  always  show  some  derangement  of 
health,  especially  of  the  stomach  or  reproductive 
organs.  Over-use  of  the  eyes,  especially  if  ametropic, 
is  the  exciting  cause  in  some  cases ;  exposure  to  cold 
wind  in  others.  Styes  are  very  apt  to  recur,  singly 
or  in  crops,  for  several  weeks  or  months. 

Treatment. — A  stye  may  sometimes  be  cut  short  if 
seen  quite  early,  by  the  vigorous  use  of  an  anti- 
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phlogistic  lotion  ;  but  an  incision  followed  by  hot 
fomentations  or  a  poultice  is  usually  more  efficacious;, 
the  puncture  must  be  made  parallel  to  the  free  border 
and  extend  rather  deeply ;  a  Beer's  knife  or  broad 
needle  (Figs.  160  and  145)  may  be  used.  The  health 
always  needs  attending  to,  and  a  jiurgative  iron 
mixture  often  suits  better  than  anything  else. 

Some  persons  are  subject  to  very  small  pustules  or 
styes,  much  more  superficial  than  the  above,  and  less 
closely  associated  with  derangement  of  health. 

A  Meibomian  gland  is  often  the  scene  of  chronic 
overgrowth,  a  little  tumour  ia  the  substance  of  the 
lid  being  the  result  {Meibomian  cyst,  chalazion) .  In 
a  few  weeks  or  mouths  the  growth  becomes  as  large 
as  a  pea,  forming  a  firm,  hemispherical,  painless 
swelling,  over  which  the  skin  is  freely  movable.  A 
dusky  spot  where  the  tarsal  tissues  are  thinned 
marks  the  conjunctival  aspect,  and  when  spontaneous 
rupture  has  occurred,  a  flattened  mass  of  granula- 
tion is  found  there.  The  deeper  part  of  the  gland  is 
the  common  seat  of  disease  ;  if,  as  sometimes  happens, 
the  part  near  the  edge  of  the  lid  is  affected,  the 
tumour  usually  remains  very  small.  Occasionally 
the  growth  pushes  forwards  and  adhesion  to  the 
skin  occurs;  even  then  it  is  easily  distinguished 
from  a  sebaceous  cyst  by  the  firmness  of  its  deep 
attachment.  During  its  course  the  cyst  may  in- 
flame and  even  suppurate,  and  in  the  latter  case  it 
forms  one  variety  of  "stye."  The  same  tumour 
may  inflame  several  times,  and  finally  suppurate 
and  shrink.  Like  styes,  these  tumours  are  apt  to 
continue  forming  one  after  another.  They  are 
much  commoner  in  young  adults  than  earlier  or 
later  in  life,  but  they  are  now  and  then  seen  in 
infants.  Patients  as  often  apply  for  the  disfigure- 
ment, as  for  any  discomfort,  which  these  little 
growths  occasion. 

Treatment. — The  cyst  is  to  be  removed  from  the 
inner  surface  of  the  lid ;  but  if  it  point  forwards,  the 
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iiicisiou  may  be  in  ilic  skin.  Tlic  tnniour  generally 
consists  of  a  soft,  pinkish,  ^-elatinous  mass,  or  of  a 
<;rnelly  or  ])uriforni  liuid,  without  a  eyst-wall. 
Sonietinies  the  contents  are  very  firm  and  adliereut 
(see  Operations). 

Small  yellow  dots  are  sojnetimes  seen  on  tJie  inner 
surface;  of  iJie  lids,  due  to  little  cheesy  colhictions 
in  the  Meihomian  glands,  and  causin<,'  irritation  by 
their  hardness.  They  should  he  incked  out  Avith 
the  ])oint  of  a  knife. 

War///  J'urmations  are  not  very  common  on  the 
l»ord(!r  of  tlie  lid,  and  arc  of  little  consequence  ex- 
•(•cpt  111  elderly  people,  in  whom  they  sliould  be  looked 
upon  with  sus])icion  as  ])ossible  starting-points  of 
rodent  cancer,  A  small  ilesliy,  yellowish-red,  fiat- 
ten('d  growth  is  sometimes  met  with  just  upon  the 
tarsal  b(n'der,  and  apparently  seated  at  the  mouth  of 
a  Meiboniia,n  ghuid.  It  causes  some  irritation,  and 
should  be  i)ared  off.  Small  jjellucid  cysts  are  also 
not  uncommon  on  the  lid  border.  Cutaneous  horns 
.are  occasionally  seen  on  the  skin  of  the  eyelids. 

Molluscum  contatjiosum  is  partly  an  ophthalmic 
■disease,  because  so  often  seated  upon  the  eyelids. 
One  or  more  little  rounded  prominences,  showing  a 
small  dimpled  orifice  at  the  top,  plugged  by  dry 
sebaceous  matter,  are  seen  in  the  shin,  varying  from 
the  size  of  a  mustard  seed  to  a  cherry,  but  usually 
not  larger  than  a  sweet  pea ;  at  first  they  are  hemi- 
spherical, l)ut  afterwards  become  constricted  at  the 
base.  The  skin  is  tightly  stretched,  thinned,  and 
adhei'cnt.  The  larger  specimens  sometimes  inflame, 
and  their  true  nature  may  then,  without  due  care,  be 
mistaken.  Each  molluscum  must  be  removed,  the 
white,  lobulated,  gland-like  mass  which  forms  the 
growth  being  squeezed  out  tlirough  the  incision  made 
by  a  knife  or  scissors. 

Xanthelamia  j^dlpehrarum  appears  as  one  or  more 
yellow  patches  like  pieces  of  washleatlier  in  the  skin, 
varying  from  mere  dots  to  the  size  of  a  kidney  beau, 
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quite  soft  in  texture,  and  very  little  raised.  The  dis- 
ease is  commonest  near  tlie  inner  canthus,  and  unless 
symmetincal  is  usually  on  the  left  side.  It  occurs 
chiefly  in  elderly  persons  who  have  previously  been 
subject  to  become  very  dark  around  the  eyes  when 
out  of  health.  The  patches  are  due  to  infiltration  of 
the  deeper  parts  of  the  skin  by  groups  of  cells  loaded 
with  yellow  fat.  The  frequency  of  xanthelasma  in 
the  eyelids  is,  perhaps,  related  to  the  normal  jiresence 
of  certain  jjeculiar  granular  cells,  some  of  which  con- 
tain jjigment,  in  the  skin  of  these  parts. 

The  Pediculus  pubis  (crab-louse)  in  very  rare  cases 
will  reach  the  eyelashes  and  flourish  there.  The  lice 
cling  close  to  the  border  of  the  lid,  and  look  like 
little  dirty  scabs  ;  the  eggs  are  darker,  and  may  also 
be  mistaken  for  bits  of  dirt.  The  absence  of  inflam- 
mation and  the  rather  peculiar  appearances  will  lead, 
in  doubtful  cases,  to  the  use  of  a  magnifying  glass, 
by  which  the  question  will  be  at  once  settled. 

Ulcers  on  the  ei/elids  may  be  malignant,  or  lupous, 
or  syphilitic ;  and  in  the  last  case  the  sore  may  be 
either  a  chancre  or  a  tertiary  ulcer. 

Rodent  cancer  (rodent  ulcer,  flat  epithelial  cancer) 
is  by  far  the  commonest  form  of  carcinoma  aifectiug 
the  eyelids  ;  although  cases  of  eyelid  cancer  occa- 
sionally present  both  the  clinical  and  jjathological 
characters  of  ordinary  epithelioma.  The  peculiarities 
of  rodent  cancer  are,  that  it  is  very  slow,  that  ulcera- 
tion almost  keeps  2:»ace  with  the  new  growth,  and  that 
it  does  not  cause  infection  of  lymphatics.  It  seldom 
begins  before,  generally  not  vuitil  considerably  after, 
middle  life,  and  its  course  often  extends  over  many 
years.  Beginning  as  a  "  pimple"  or  "wart,"  it  slowly 
spi'eads,  but  years  may  pass  before  the  ulcer  is  as 
large  as  a  sixi>ence.  When  first  seen  we  generally 
find  a  shallow  ulcer,  covered  by  a  thin  scab,  most 
often  involving  the  skin  at  the  inner  end  of  the  lower 
lid.  Its  edge  is  raised,  sinuous,  nodulai-,  and  very 
hard,  but  neither  inflamed  nor  tender.    Slowly  ex- 
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tending  both  in  ai*ea  and  depth,  it  attacks  all  tissues 
alike,  finally  destroying  the  eyeball  and  opening  into 
the  nose.  In  a  few  very  chronic  cases  the  disease 
remains  quite  superficial,  and  cicatrisation  may  occur 
at  some  j^arts  of  the  ulcerated  surface.  Now  and 
then  a  considerable  nodule  of  growth  forms  in  the 
skin  before  ulceration  begins. 

The  diagnosis  is  generally  easy.  A  long-standing 
ulcer  of  the  eyelids  in  an  adult  is  nearly  certain  to 
be  rodent  cancer.  Tertiary  syphilitic  ulcers  are  much 
less  chronic,  more  inflamed  and  punched  out,  and 
devoid  of  the  very  peculiar,  hard  edge  of  rodent 
ulcer ;  moreover,  tbey  are  very  rare.  Lupus  seldom 
occurs  so  late  in  life  as  rodent  cancer,  presents  more 
inflammation  and  much  less  hardness,  and  is  often 
accompanied  by  lupus  elsewhere  on  the  cutaneous  or 
mucous  surfaces.  Lupus  is  seldom  difficult  to  dis- 
tinguish on  the  eyelids  from  tertiary  syphilis,  the 
latter  being  more  acute,  more  dusky,  and  showing 
more  loss  of  substance,  with  none  of  the  little,  ill- 
defined,  soft  tubercles  seen  in  lupus. 

When  a  chancre  occurs  on  the  eyelid*  the  indura- 
tion and  swelling  are  usually  very  marked,  the  sur- 
face abraded  and  moist,  but  not  much  ulcerated;  the 
glands  in  front  of  the  ear  and  behind  the  jaw  become 
much  enlarged.  The  same  glands  enlarge,  either 
with  or  without  suppuration,  in  lupus  and  in  many 
inflammatory  conditions  of  the  lid. 

Several  cases  are  on  record  in  which  a  hard  chancre 
formed  on  the  palpebral  conjunctiva,  so  far  from  the 
border  of  the  lid  as  to  be  quite  concealed.  I  have 
seen  two  such,  and  Mr  Jas.  Adams  and  Mr  Wherry 
have  each  recorded  one.  In  all  of  these  cases  the 
swelling  bore  considerable  resemblance  to  a  large 
Meibomian  cyst.  In  ail  there  were  enlarged  glands 
and  well-marked  constitutional  symptoms. 

Treatment  of  rodent  cancer. — Early  removal  is  of 

*  An  interesting  monograpli  on  this  subject  was  read  by  Dr 
Dc  Beck  at  the  American  Oplith.  Soc,  July,  1886. 
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great  importance,  and  probably  the  more  so  iu  pro- 
portion to  the  joutli  of  the  patient.  Cliloride  of  zinc 
paste  or  the  actual  cautery  is  necessary  in  addition 
to  the  knife  iu  bad  cases  ;  scraping  may  also  be  em- 
ployed. The  disease  is  very  apt  to  return  locally. 
Even  iu  very  advanced  cases,  where  complete  removal 
is  impossible,  the  patient  may  be  made  much  more 
comfortable,  and  life  probably  prolonged,  by  vigorous 
and  repeated  treatment. 

Congenital  ptosis  is  a  not  very  rare  affection.  It 
may  be  double  or  unilateral,  is  present  from  birth, 
and  its  causation  is  unknown.  I  believe  it  is  never 
complete.  It  sometimes  seems  to  diminish  in  the 
first  few  years  of  life,  but  probably  never  disap- 
pears. Although  the  lid  droojis,  the  skin  is  often 
scanty,  the  lid  being  tight  and  deficient  in  the 
natural  folds.  Oi^erations  have  been  devised  for 
producing  deep  cicatricial  bands,  by  means  of 
subcutaneous  sutures  passed  from  the  brow  to  the 
tai'sus  (Bowman,  Pagenstecher,  Wecker).*  These 
rather  tedious  procedures  avoid  the  risk  of  further 
shortening  of  the  lid  which  attends  the  simpler 
operation  of  removing  an  elliptical  fold  of  skin. 
I  have  obtained  considerable  improvement  from 
Pagenstecher's  operation  {see  also  Ocular  Paralysis, 
Chap.  XXI). 

Ejncanthus  is  a  rare  condition,  in  which  a  fold  of 
skin  stretches  across  from  the  inner  end  of  the  brow 
to  the  side  of  the  nose,  hiding  the  inner  canthus. 
If  it  does  not  disappear  as  the  child's  nose  de- 
velops, an  operation — removal  of  a  piece  of  skin 
from  the  bridge  of  the  nose  (sometimes  combined 
with  canthoplasty) — is  indicated. 

*  Panas  has  devised  a  new  operation  more  recently  ('  Arch. 
d'Ophtalmologie,'  T.  6,  p.  1,  1886). 
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DISEASES  OP  THE  LACRIMAL  APPARATUS  * 

These  may  be  divided  iuto  the  affections  of  tlie 
secretin<jf  parts — the  hicrimal  gland  and  its  duets ; 
and  tliose  of  the  drainage  apparatus — the  puucta, 
canaliculi,  hicrimal  sac,  and  nasal  duct.  In  the  gi'eat 
majority  of  cases  the  fault  lies  entirely  in  the  drainage 
system. 

Tlie  flow  of  tears  over  the  edge  of  the  lid,  "  watery 
eye,"  is  called  epiphora  or  stillicid'mm  lacrimarum.  No 
useful  pur])ose  is  served  by  keeping  the  two  names, 
and  only  the  former  will  be  here  used.  Lacrimation 
indicates  the  increased  flow  which  often  accompanies 
inflammation  of  the  eyeball. 

The  drainacje  system  may  be  at  fault  in  any  part 
from  the  puncta  to  the  lower  end  of  the  nasal  duct. 

The  slightest  change  in  the  position  of  the  lower 
punctum  causes  epiphora.  In  health  the  pimctum  is 
directed  backwards  against  the  eye  ;  if  it  look  up- 
wards or  forwards  the  tears  do  not  all  reach  it,  and 
some  will  then  flow  over  a  lower  part  of  the  lid. 
Thus  in  paralysis  of  the  facial  nerve  the  jjatient 
sometimes  comes  to  us  for  epiphora  before  he  notices 
the  other  symptoms ;  the  watering  is  caused  partly 
by  loss  of  the  compressing  and  sucking  action  of  the 
punctum  that  is  effected  in  winking,  by  those  fibres 
of  the  orbicularis  which  lie  in  relation  with  the 
lacrimal  sac,  partly  by  a  slight  falling  of  the  lid  away 
from  the  eye  and  a  consequent  displacement  of  the 
punctum.  The  various  chronic  diseases  of  the 
border  of  the  lids  (ophthalmia  tarsi),  and  also 
granular  disease  of  the  conjunctiva  (granular  lids), 

*  For  Diseases  of  Lacrimal  Gland  see  Diseases  of  Orbit, 
Chap.  XIX. 
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are  common  sources  of  (1)  tumefaction,  with  na.rrow- 
iug,  of  the  puucta  and  canaliculi  ;  (2)  cicatricial 
stricture  of  the  same  parts ;  aud  in  both  cases  the 
puncta  are  displaced  as  well  as  constricted.  Nar- 
rowing, even  to  comjjlete  obliteration,  of  the  puncta 
is  sometimes  seen  as  the  result  of  former  inflamma- 
tion, of  which  all  traces  have  long  since  passed  away. 
Wounds  by  which  the  canaliculi  are  cut  across  cause 
their  obliteration,  and  epiphora  is  the  result. 

In  all  the  above  cases  the  epiphora  is  accompanied 
by  a  visible  change  in  the  size  or  position  of  the 
punctnm,  none  of  the  signs  of  inflammation  in  the 
lacrimal  sac  or  stricture  in  the  nasal  duct  being 
present ;  and  simple  division  of  the  canaliculus  will 
cure,  or  much  relieve,  the  watering  {see  Operations). 
This  is,  however,  seldom  necessary  in  the  ej^iphora 
of  facial  paralysis. 

The  canaliculus  is  occasionally  plugged  by  the 
growth  in  it  of  a  mycelial  fungus,  which,  mingled 
with  2)us-cells  and  mucus,  forms  a  yellowish,  or 
greenish,  putty-like  concretion.  These  masses  some- 
times calcify,  and  are  then  called  dacryo-liths.* 

Epiphora  not  explained  by  the  above  causes  is 
usually  due  to  obstruction  in  the  nasal  duct,  and 
accompanied  by  distension  and  disease  of  the  lacrimal 
sac  from  the  same  cause.  Primary  disease  of  the 
lacrimal  sac  is  rare. 

Ohstrudion  of  the  nasal  duct  is  usually  caused  by 
chronic  thickening  of  the  mucous  and  submucous 
tissues  lining  tlie  canal.  Dense,  hard  thickening 
causes  a  stricture,  often  very  tight  and  unyielding ; 
but  obstruction  is  often  present  though  the  canal  be 
of  full  size  or  perhaps  even  dilated, f  excess  of  mucus 
being  apparently  the  chief  cause.  Disease  of  the 
duct  occurs  at  all  ages,  and  is  much  commoner 

*  Tlie  same  term  is  ajiplied  to  concretions,  still  more  rare,  in 
the  ilucts  of  tlie  lacrimal  gland. 

t  There  can  be  little  doubt  that  the  healthy  nasal  duct  varies 
much  in  size  in  different  jiersons  (Noyes). 
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iu  females  than  males.*  lu  some  ceases  tbe  (;hauge 
evidently  forms  a  part  of  a  chronic  disease  of  the 
naKo-]>haryngeal  mucous  mcmhraue,  but  in  many  no 
cause  can  he  assigned.  Sometimes  strictui-e  is  the 
result  of  periostitis  or  of  necrosis,  and  of  th(;se  con- 
ditions sy])hilis  (either  acquired  or  inherif cd),  scarlet 
fever,  and  small-pox  are  the  commonest  causes.  In- 
juries to,  and  growths  iu  the  nose,  or  invading  it, 
account  for  a  few  cases. 

A  stricture  may  be  seated  at  any  part  of  tlie  duct ; 
but  the  upper  end,  where  there  is  often  a  natural 
narrowing,  is  the  commonest  spot. 

Obstruction  of  the  nasal  du(;t,  by  preventing  the 
escape  of  tears,  leads  to  clidenRion  of  the  lacrimal  sac, 
to  chronic  thickening  of  its  lining  membrane,  and 
increased  secretion  of  mucus.  The  mucus  may  bo 
clear  or  turl)id.  At  length  a  point  is  reached  at  which 
the  distension  can  be  seen  as  a  little  swelling  imder 
the  skin  at  the  inner  canthus  (mucocele  or  chronic 
dacryo-cyHiilis).  This  swelling  can  generally  he  dis- 
persed by  pressure  with  the  finger,  the  mucus  and 
tears  cither  regurgitating  through  the  canaliculi  or 
being  forced  through  the  duct  into  the  nose.  In 
cases  of  old  standing  the  sac  is  often  much  thick- 
ened, and  may  contain  polypi,  and  the  swelling 
cannot  then  be  entirely  dispersed  hy  pressure. 

A  mucocele  is  always  very  apt  to  inflame  and  sup- 
])urate,  the  result  being  a  larriiual  abscess.  Most 
cases  of  lacrimal  abscess,  indeed,  have  been  preceded 
by  mucocele.  Its  formation  gives  rise  to  great  paiu, 
and  to  tense,  brawny,  dusky  swelling,  which,  extend- 
ing for  a  considerable  distance  around  the  sac,  is 
sometimes  mistaken  for  erysipelas.  The  matter 
always  points  a  little  below  the  tendo  palpebrarum  ; 
the  pus  often  burrows  in  front  of  the  sac,  forming 
little  pouches  iu  the  celhdar  tissue,  and  if  allowed  to 
open  spontaneou.sly,  a  fistula,  very  troublesome  to 

*  111  !i  group  of  113  consecutive  cnses  I  find  89  feniidos  and 
24  niiiles. 
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eure,  is  likely  to  follow.  If  seen  early,  before  there 
is  decided  i^ointiug,  it  is  best  to  open  the  abscess  by 
slittiug  the  lower  canaliculus  freely  into  the  sac,  and 
passing  a  knife  down  the  nasal  duct ;  anJBsthesia  is 
usually  necessary.  If  interference  be  delayed  the 
skin  over  the  sac  soon  becomes  thinned,  and  the 
abscess  is  then  best  opened  through  the  skin,  by  a 
free  puncture  inclined  downwards  and  a  little  out- 
wards; no  anaesthetic  is  uecessarj',  and  the  resulting 
scar  is  insignificant.  When  the  thickening  has  sub- 
sided, under  the  use  of  warm  lead  lotion  dressing, 
the  stricture  of  the  duct  is  to  be  treated ;  but  the 
mucocele  will  form  again,  and  another  abscess  may 
occur  at  any  time,  unless  a  free  passage  can  be 
restored  down  the  nasal  duct. 

Obstinate  chronic  conjunctivitis  is  often  setup  by 
luirelieved  lacrimal  obstruction  (p.  97).  It  has  long- 
been  known  that  severe  suppurative  inflammation 
was  very  likely  to  occur  after  any  opei'ation  ])er- 
formed  on  the  cornea  when  there  was  pus  in  the 
lacrimal  sac  (see  Cataract).  These  evidences  of  local 
irritation  and  infection  are  now  believed  often  to 
depend  upon  septic  organisms  Avhich,  owing  to  the 
obstruction,  collect  in  the  lacrimal  sac. 

Treatment  nf  nuicocele  and  lacrimal  stricture. —  The 
object  aimed  at  is  the  permanent  dilatation  of  the 
stricture;  but,  whether  this  can  be  gained  or  not,  a 
free  opening  from  the  canaliculus  into  the  sac  should 
be  maintained,  so  that  the  secretions  may  be  ol'ten 
and  easily  squeezed  out. 

Dilatation  by  probing  (Chap.  XXII)  is  the  or- 
dinary and  best  treatment  for  all  strictures,  whether 
there  be  mucocele  or  not,  the  rule  Ijeing  to  use  the 
largest  probe  that  will  pass  readily.  The  probing  is 
repeated  (!vcry  few  days  or  less  often,  according  to 
the  duration  of  its  effect,  and  often  needs  to  be  con- 
tinued for  weeks  or  months.  The  patient  may  some- 
times learn  to  use  the  probe  himself.  When  the  stric- 
ture is  tough  and  tight  it  is  best  at  once  to  divide  it 
by  thrusting  a  strong-backed,  narrow  knife  down  tbe 
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duct,  and  afterwards  to  use  jirobes.  In  cases  where 
the  stricture  is  quite  soft,  aud  the  obstruction  due 
rather  to  general  thickening  of  the  raucous  meml^wane 
aud  over-secretion  of  mucns,  than  to  dense  fibrous 
thiclceniug,  frequent  washing  out  of  the  duct  with 
water,  or  weak  astringents,  by  means  of  a  hicrimal 
syringe,  is  quite  as  beneficial  as,  and  less  painful 
than,  probing.  The  diligent  use  of  astringent 
lotions  to  the  conjunctiva  is  also  useful,  particularly 
in  soft  strictures,  some  of  the  lotion  reaching  the  sac 
and  duct.  In  cases  of  long  standing,  where  other 
ti'eatment  has  failed  and  the  sac  is  much  thickened, 
its  complete  obliteratiou  by  the  actual  cautery  gives 
great  relief;  extirpation  of  the  lacrimal  gland  is  also 
occasionally  practised.  For  refractory  children  aud 
for  patients  who  cannot  be  seen  often,  a  style  of 
silver  or  lead,  j^assed  in  exactly  the  same  way  as  a 
probe,  but  worn  constantly  for  many  weeks,  is  very 
useful ;  but  it  may  slip  into  the  sac  out  of  reach 
unless  furnished  with  a  bend  or  head  so  large  as  to 
be  somewhat  unsightly.  As  a  rule,  probing  should 
not  be  begun  until  the  inflammatory  thickening  and 
tenderness  following  a  lacrimal  abscess  have  sul)- 
sided.  If  the  probe  be  used  too  ofteu,  or  with  much 
violence,  or  if  false  passages  be  made,  the  case  may 
easily  be  made  worse  instead  of  bettor.  It  must 
be  confessed,  indeed,  that  in  many  lacrimal  cases, 
whether  the  stricture  be  soft  or  firm,  treatment,  how- 
ever skilful,  gives  only  partial  relief  to  the  epiphora. 

Suppuration  of  the  lacrimal  sac,  on  one  or  both 
sides,  sometimes  takes  jDlace  in  new-born  infants 
•  without  apparent  cause  ;  if  there  be  much  redness 
the  abscess  should  be  opened,  but  the  supj^uratiou 
is  sometimes  chronic,  and  will  cease  under  the  use 
of  astringent  lotions.  The  cases  of  epiphora  with 
contracted  punctum,  which  are  sometimes  met  with 
in  older  children,  may  perhaps  be  the  consequences 
of  this  iufantile  suppuration. 

Cases  in  which  the  sac  or  duct  is  obliterated  by 
injury  can  seldom  be  relieved. 
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CHAPTER  VI 

DISEASES   OF  THE  CONJUNCTIVA 

It  is  convenient  to  distinguish  those  which,  from 
the  outset,  are  general,  and  affect  the  whole  membrane, 
ocular  and  palpebral  alike,  and  of  which  the  various 
forms  of  contagious  ophthalmia  are  examples,  from 
others  which  primarily  affect  either  the  ocular  or 
the  palpebral  part  alone.  The  term  ojphthalmia" 
includes  all  inflammations  of  the  conjunctiva,  and 
should  not  he  applied  to  other  diseases. 

GENERAL  DISEASES 

The  conjunctiva,  like  the  urethra,  is  subject  to 
purulent  inflammation,  and,  like  the  respiratory 
mucous  membrane,  is  liable  to  the  muco-purulent 
and  to  the  membranous  or  diphtheritic  forms  of  dis- 
ease. All  cases  in  which  there  is  yellow  discharge 
are  in  greater  or  less  degree  contagious.  The  con- 
gestion, which  forms  a  part  of  conjunctivitis,  is  much  - 
influenced  by  age ;  the  younger  the  patient  the  less 
is  the  congestion  in  proportion  to  the  discharge,  a 
fact  to  be  borne  in  mind  in  examining  patients  at 
both  ends  of  the  scale. 

Purulent  ophthalmia  (0.  neonatorum.  Gonorrhoea! 
0.,  Blenorrhcea  of  the  conjunctiva)  is  generally  due 
to  contagion  from  the  same  disease,  or  from  an  acute 
or  chronic  discharge  from  the  urethra  or  vagina, 
which  may  or  may  not  be  gonorrhceal.  It  is  com- 
monest in  new-born  infants  whose  eyes  have  been 
inoculated  from  the  mother  during  birth ;  next  in 
adults  with  gonorrhoea  ;  it  is  also  seen  sometimes  in 
young  girls  Avho  have  non-venereal  discharge  from 
the   genitals.     Muco-purulent   ophthalmia,  when 
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quickly  passed  on  from  one  to  another,  under  con- 
ditions of  liealtli  favorable  to  suppuration  (e.  g. 
weakness  after  acute  exanthems),  may  be  intensified 
into  the  purulent  form.  The  presence  of  a  special 
form  of  micrococcus  in  the  pus-cells  of  gonorrhoea 
and  of  purulent  ophthahnia,  described  by  Neisser 
in  1879,  has  been  confirmed  by  Sattler,  Widmark, 
and  many  others.  The  coccus  is  said  (1)  to  be 
absent  in  some  of  the  milder  forms  of  infantile 
oplitlialmia ;  (2)  when  cultivated  to  be  capable  of 
producing  purulent  ophthalmia  by  inoculation  ;  (3) 
to  be  usually  present  in  the  vaginal  discharge  of 
women  whose  babies  have  purulent  ophthalmia. 
G-onorrhoea  was  experimentally  produced  by  inocu- 
lation with  pus  from  ])urulent  ophthalmia  long 
before  the  days  of  bacterial  pathology.  Like  gonor- 
rhoea, purulent  ophthalmia  may  occur  more  than 
once.  It  varies  greatly  in  severity,  but  is,  on  the 
whole,  much  worse  in  adults  than  in  infants,  per- 
haps because  there  is  much  more  adenoid  tissue  in 
the  conjunctiva  of  adults  than  of  babies  (Wid- 
mark). The  quality  of  the  infecting  discharge  no 
doubt  has  much  influence,  severe  forms  being 
generally  caused  by  inoculation  from  a  recent  or 
severe  case  ;  hut  chi'onic  discharge  may  also  give  rise 
to  a  severe  attack.  The  health  of  the  recipient  and 
the  previous  condition  of  the  eyelids  exert  an  impor- 
tant influence,  and  if  the  lids  be  granular,  various 
slight  causes  sometimes  bring  on  severe  purulent 
ophthalmia. 

The  disease  sets  in  from  twelve  to  about  forty- 
eight  hours  after  inoculation  ;  in  infants  the  third 
day  after  birth  is  almost  invariably  given  as  the 
date  when  discharge  was  first  noticed.  Itchiness 
and  slight  redness  of  conjunctiva  soon  pass  on  to 
intense  congestion  of  conjunctiva,  with  cheniosis, 
tense  inflaiiimatory  swelling  of  the  lids,  great  pain 
and  discharge.  The  discharge  at  first  is  serous,  or 
like  turbid  whey,  but  soon  becomes  more  profuse, 
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creamy  (purulent),  and  yellow,  or  even  slightly 
greenish.  Dark,  abrupt  ecchynioses  are  often  pre- 
sent. The  lids,  always  swollen,  hot  and  red,  in  bad 
cases  become  very  tense  and  dusky.  The  upper  lid 
hangs  down  over  the  lower,  and  is  often  so  stiff  that 
it  cannot  be  completely  everted.  The  conjunctiva 
is  succulent  and  easily  bleeds. 

The  disease  if  untreated  declines  spontaneously, 
and  the  discbarge  almost  ceases  in  about  six  weeks, 
the  palpebral  conjunctiva  being  left  thick,  relaxed, 
and  more  or  less  granular.  Cicatricial  changes,  iden- 
tical with,  but  less  severe  than,  those  resulting  from 
chronic  granular  lids,  and  analogous  to  Avhat  occurs 
in  stricture  of  the  urethra,  sometimes  follow;  con- 
siderable permanent  thickening  of  the  ocular  con- 
junctiva may  also  occur. 

There  is  a  great  risk  to  the  cornea  in  this  disease, 
partly  from  strangulation  of  the  vessels,  partly  from 
the  local  influence  of  the  discharge.  If  within  the 
first  two  or  three  days  the  cornea  becomes  hazy  and 
dull,  like  that  of  a  dead  fish,  there  is  great  risk  that 
total  or  extensive  sloxighing  will  occur.  In  many  of 
the  milder  cases  ulcers  form  a  little  below  the  centre, 
and  rapidly  cause  perforation.  In  other  cases  clear 
deep  ulcers  form  close  to  the  edge  of  the  cornea. 
There  is  less  risk  of  ulceration  of  the  cornea  in  the 
purulent  ophthalmia  of  infants  than  in  that  of 
adults,  but  a  form  of  corneal  affection  appears  in 
infants  which  seems  to  be  peculiar  to  them.  This 
variety  is  generally  seen  when  the  discharge  is  get- 
ting scanty,  or  perhaps  when  too  much  nitrate  of 
silver  has  been  used ;  it  sometimes  occurs  when  the 
attack  is  of  a  diphtheritic  type.  The  coi'uea  be- 
comes quickly  and  almost  entirely  opaque  through- 
out, with  the  exception  of  a  narrow  zone  at  its 
edge  ;  the  surface  is  dull,  and  the  epithelium  irre- 
gular, but  there  is  little,  if  any,  loss  of  substance. 
In  many  cases  the  opacity  clears  up  to  a  great 
extent,  or  even  entirely,  and  eserine  seems  to  help 
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the  recovery  ;  it  remains  longest  anrl  densest  at  the 
centre.  Either  one  or  both  eyes  may  be  attacked  ; 
in  adults  one  eye  often  escapes;  in  iufants,  where 
the  inoculation  occurs  during  birth,  both  eyes  almost 
always  suffer. 

Treatment. — If  only  one  eye  be  affected,  and  the 
patient  be  old  enough  to  obey  oi-ders,  the  sound  eye 
must  be  covered  up  with  the  shield  introduced  by 
Dr  Buller ;  take  two  pieces  of  india-rubber  plaster, 
one  4-^",  the  other  4"  square,  cut  a  round  window  in 
the  middle  of  each,  and  stick  them  together,  with  a 
small  watch-glass  inserted  into  the  window.  The 
l)laster  is  fixed  by  its  free  border,  and  by  other  strijis, 
to  the  nose,  forehead,  and  cheek,  and  the  patient  looks 
through  the  glass  ;  the  lower-outer  angle  is  left  open 
for  ventilation  ;  particular  attention  is  to  be  paid  to 
the  fastening  on  the  nose.  All  concerned  are  to  be 
warned  as  to  the  risk  of  contagion  and  the  means  of 
conveying  it.  The  essential  curative  measures  are — 
(1)  Frequent  removal  of  the  discharge  by  the  free  use 
of  weak  antiseptic  or  astringent  lotions  (F.  3, 19,  20, 
23,  28,  29).  Every  hour,  day  and  night,  the  lids  are 
gently  opened  and  the  discharge  removed  with  soft 
bits  of  moistened  rag  or  cotton  wool ;  or  a  syringe  or 
irrigation  apparatus  such  as  the  hollow  speculum  or 
retractor  described  by  Mr  Edgar  Browne  and  Mr 
Collins,  may  be  used.*  In  adults,  where  the  swelling 
is  often  extreme  and  very  brawny,  the  cleansing 
must  be  done  vei'y  gently  lest  the  congestion  and 
irritability  be  increased.  (2)  Iodoform,  at  first 
extensively  tried,  has,  I  believe,  not  given  satis- 
faction in  this  disease.  —  Many  surgeons  greatly 
prefer  weak  nitrate  of  silver  (F.  3)  to  all  other 
remedies.  (3)  Strong  solutions  of  nitrate  of  silver, 
or  the  mitigated  solid  nitrate  (F.  1  and  2),  are  of 
great  service  in  shortening  the  attack  and  lessening 
the  risks,  and,  whatever  other  treatment  be  adopted, 
they  should  be  used  in  all  severe  cases  unless  specially 
*  '  Brit.  Med.  Jouni.,'  1885,  vol.  i. 
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contraindicated.  A  teu-  or  twenty-grain  solution 
is  brushed  freely  over  the  conjunctiva  of  the  lids, 
everted  as  well  as  possible,  and  freed  from  discLai-ge. 
If  the  mitigated  stick  is  used  more  care  is  needed ; 
and  to  prevent  too  great  an  effect,  it  is  to  be  washed 
off  with  water,  after  waiting  about  fifteen  seconds. 
These  strong  applications  must  be  made  by  the 
surgeon.  Tbe  pain  caused  by  them  is  lessened,  and 
the  benefit  increased,  by  free  bathing  with  cold,  or 
iced  water  afterwards.  The  application  is  not  to  be 
repeated  until  the  discharge,  which  will  be  markedly 
lessened  for  some  hours,  has  begun  to  increase  again  ; 
once  a  day  is  enough  in  many  cases.  (4)  Between 
the  cleansings  either  warm  or  cold  applications  ; 
warmth  is  often  preferred  by  the  patient.  (5)  In 
the  early  stage,  in  adults,  several  leeches  to  the 
temple  will  give  relief,  or,  if  the  swelling  be  very 
tense,  we  may  divide  the  outer  canthus  with  scissors 
or  knife,  and  thus  both  bleed  and  relax  the  parts  at 
the  same  time.  Removal  of  the  ring  of  conjunctiva 
which  overlaps  the  cornea  is  valuable  when  the  chc- 
mosis  is  severe.  The  late  Mr  Critchett,  in  a  very  bad 
case,  divided  the  upj^er  lid  vertically  across,  and  kept 
its  two  halves  turned  upwards  by  sutures  fastened  to 
the  forehead,  at  once  relieving  the  tension  of  the  lids 
and  rendering  the  conjunctiva  accessible.  (6)  The  lids 
should  be  often  anointed  with  a  simple  ointment. 

The  following  additional  precautions  are  import- 
ant : — Strong  nitrate  of  silver  applications  are  un- 
safe in  the  earliest  stage,  before  free  discharge  has 
set  in,  and  also  in  cases  where,  even  later  in  the 
disease,  there  is  much  hard  brawny  swelling  of  the 
ocular  conjunctiva  and  comparatively  little  dis- 
charge ;  cases,  in  fact,  apj^roaching  the  condition 
known  as  diphtheritic  ophthalmia.  In  these,  either 
very  cold  or  very  hot  applications,  leeches,  cleanliness, 
and  weak  lotions,  should  be  chiefly  relied  upon.  Ice 
and  leeches  are  seldom  advisable  for  infants.  It 
is  of  extreme  importance  to  begin  treatment  very 
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early,  for  the  cornea  is  often  irreparably  damaged 
within  two  or  three  days.  The  patients,  if  adults, 
are  often  in  feeble  health,  and  need  supporting 
ti'eatment.  Ulceration  of  the  cornea  does  not  con- 
traindicate  tlie  use  of  strong  nitrate  of  silver  if 
the  discharge  is  abundant.  Treatment  must  be  con- 
tinued 80  long  as  there  is  any  discharge,  for  a  relapse 
of  purulent  discharge  often  takes  place  if  remedies 
are  discontinued  too  soon.  Over-use  of  nitrate  of 
silver  sometimes  seems  to  cause  the  diffuse  opacity 
of  cornea  referred  to  at  p.  81  ;  I  have  seen  it  clear 
quickly  and  entirely  when  eserine  was  used.  I  once 
saw  hfemorrhage  continuing  for  some  time,  without 
iijiparent  cause,  from  the  conjunctiva  of  the  lid,  in  a 
child  recovering  from  purulent  ophthalmia.  Serious 
conjunctival  haemorrhage  has  been  noted  by  Pomeroy 
and  Schmidt-Rimpler. 

The  systematic  prevention  of  oiihtlialmia  neona- 
torum by  the  cleansing  and  disinfection  of  the  eyes  of 
every  infant  immediately  after  birth,  sometimes  pre- 
ceded by  disinfection  of  the  maternal  passages,  has 
been  introduced  by  Crede  during  the  last  three  or 
four  years,  and  largely  carried  out  in  many  lying- 
in  hosjiitals,  especially  on  the  Continent.  Crede 
applies  a  few  drops  of  a  2  °/o  solution  of  nitrate  of 
silver  (about  8  gr.  to  3])  to  the  conjunctival  sac 
once.  Various  other  agents  or  weaker  solutions  of 
silver  have  been  used.  The  general  result  of  such 
measures  has  been  to  reduce  the  number  of  cases  in 
an  astonishing  degree ;  and  as  it  is  calculated  that 
about  a  third  of  all  the  blind  in  Europe  have 
become  so  by  the  ravages  of  this  disease,  consider- 
able importance  is  to  be  attached  to  the  general 
adoption  of  Crede  s  principle  by  medical  men  and 
midwives.* 

Muco-purulent  opJdhalmia. — The  commonest  and 

*  Particulars  and  statistics  may  be  found  in  '  Edinburgh 
Med.  Journ.,'  April,  1883  (Dr  A.  R.  Simpson),  and  in  more  recent 
papers. 
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best  cliavacterised  of  the  acute  ophthalmifB  is  the  so- 
called  catarrhal  ophthalmia.  The  name  is  a  bad  one, 
for  neither  does  the  disease  form  j^art  of  a  general 
catarrh  of  the  respiratory  tract,  nor  does  it  show  the 
tendency  to  relapse  so  characteristic  of  catarrh,  nor 
does  it  seem  to  be  caused  by  cold.  The  disease 
attains  its  height  very  quickly,  almost  always  attacks 
both  eyes,  and  gets  well  spontaneously  in  about  a 
fortnight.  There  is  great  congestion,  much  gritty 
pain,  which  often  prevents  sleep,  spasm  of  the  lids,, 
fi-ee  muco-purulent  discharge,  and,  in  many  cases,, 
ecchymotic  jjatches  in  the  conjunctiva.  The  lids 
are  somewhat  swollen  and  red,  but  never  tense,  and 
the  cornea  seldom  suifers. 

This  disease  seems  to  be  much  oftener  communi- 
cated from  person  to  person  than  purulent  oph- 
thalmia, for  which  it  is  sometimes  mistaken.  It 
varies  much  iu  severity,  even  in  different  members  of 
the  same  household,  who  catch  it  almost  at  the  same 
time,  but  attacks  all  ages  indiscriminately.  It  is,  I 
believe,  commonest  in  warm  weather,  or  perhaps  at 
the  change  from  cold  to  warm.  It  is  rare  to  find 
that  the  patient  has  suffei'ed  from  the  disease  before. 
Any  mild  antiseptic  lotion  will  cut  it  short,  nitrate 
of  silver  (F.  3)  being  the  best. 

Troublesome  ophthalviia,  ivith  muco-purulent  dis- 
charge, is  common  in  children  after  exanthemata,  espe- 
cially measles.  It  runs  a  less  definite  course  than 
the  preceding  disease,  shows  but  little  tendency  to 
spontaneous  cure,  and  is  very  often  complicated  with 
phlyctenular  ulcers  of  the  cornea,  blepharitis,  and 
eruptions  on  the  face ;  the  patients  are  frequently 
strumous.  The  discharge  is  seldom  so  abundant  as  iu 
the  disease  just  considered.  The  treatment  is  often 
troublesome,  and  many  changes  have  to  be  tried ;  weak 
nitrate  of  silver  lotions  (F.  3),  with  the  use  of  the 
yellow  ointment  (F,  12  to  14),  or  boracic  acid 
ointment,  both  to  the  skin  and  conjunctiva,  or  calo- 
mel dusted  into  the  eye,  arc  the  best  local  means ; 
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atropiue  aloue  often  increases  tha  irritation.  Careful 
attention  to  health  is  necessary.  The  patients 
should  not  bo  (confined  to  the  house,  but,  with  a 
large  slnule  over  both  eyes,  sliould  take  plenty  of 
exercise  in  tine;  weather.  The  eyes  should  not  he 
handaijed  in,  tiny  form  of  ophthalmia,  und  2)oiiUices  are 
very  seldom.  snUidde. 

Some  I'onns  of  acute  conjunctivitis,  with  little  or 
no  discharti-c,  are  ser'u  both  in  children  and  adults, 
which  do  not  conform  to  the  above  types,  and  are  of 
comparatively  slight  imjjortance.  Many  such  appear 
to  depcnid  on  changes  of  weather  or  ex])0sure  to  cold, 
and  are  complicated  wilh  plilyctenulaB.  A  few  are 
distinctly  rlienmatic.  The  conjuuctiva  is  involved 
more  or  less  in  herjies  zoster  of  the  o[)hthalmic  divi- 
sion of  the  fifth  lujrve,  in  erysipelas  of  the  face,  in 
the  early  stage  of  measles,  and  slightly  in  eczema  of 
the  face.  Slight  degrees  of  chronic  conjunctivitis 
are  set  up  by  various  local  irritants,  dust,  smoke, 
cold  wind,  &c.,  and  by  the  strain  attending  the  use  of 
the  eyes  without  glasses  in  cases  of  hypermetropia. 
Mention  must  be  made  of  tlis  cases  sometimes  seen 
in  children,  where  an  ophthalmia  appears  to  form 
part  of  an  impetiginous  or  herpetic  eruption  on  the 
face,  with  which  it  is  simultaneous.  These  again 
differ  from  the  commoner  cases,  in  which  the  lids, 
cheek,  and  lining  membrane  of  the  nose  are  irritated 
into  an  eruption  by  tears  and  discharge  fi'om  a  pre- 
existing conjunctivitis. 

Muco  purulent  ophthalmia,  of  any  kind,  becomes 
a  very  important  att'air  if  it  breaks  out  in  schools  or 
armies,  &c.,  where  granular  disease  of  the  eyelids  is 
prevalent  (p.  92). 

Memhrano'ii.s  and  diphtheritic  ophthalmia.  —  In  a  few 
cases  of  ophthalmia,  either  purulent  or  muco-puru- 
lent,  the  discharge  adheres  to  the  conjunctiva  in  the 
form  of  a  membrane  (^memhranons  or  croupous  oph- 
thalmia). Still  more  rarely,  in  addition  to  membrane 
on  the  surface,  the  whole  depth  of  the  conjunctiva  is 
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stiffened  by  solid  exudation,  whicli  much  impairs  tlie 
mobility  both  of  the  lids  and  eyeballs,  and,  by  com- 
pressing the  vessels,  prevents  the  formation  of  free 
discharge,  and  places  the  nutrition  of  the  cornea  iu 
great  peril.  It  is  to  the  latter  cases  that  the  term 
diphtheritic  has  been  limited  by  most  authors ;  but 
■\ve  find  many  connecting  links  between  the  two  types, 
and  between  each  of  them  and  the  ordinaiw  purulent 
and  muco-purulent  cases. 

It  is  of  much  consequence  in  practice,  both  for 
prognosis  and  treatment,  to  recognise  the  presence  of 
membranous  discharge  and  of  solid  infiltration,  in 
any  case  of  ophthalmia ;  for  the  liability  to  severe 
corneal  damage  is  much  increased  by  either  of  these 
conditions,  especially  by  the  latter.  The  membrane 
may  cover  the  whole  inside  of  the  lids,  or  it 
may  occur  in  separate,  or  in  confluent,  patches ;  it 
often  begins  at  the  border  of  the  lid,  and  is  seldom 
found  on  the  ocular  conjunctiva.  It  can  be  peeled 
off,  the  conjunctiva  beneath  bleeding  freely  unless 
infiltrated  and  solid  ;  in  the  latter  case  the  membrane 
is  more  adherent,  the  conjunctiva  is  of  a  jjalish 
colour,  and  scarcely  bleeds  when  exposed,  and  there 
is  little  or  no  purulent  discharge.  In  most  cases  the 
solid  i^roducts,  whether  membrane  or  deep  infiltra- 
tion, pass  after  some  days  into  a  stage  of  liquefaction, 
with  free  purulent  secretion.  In  rare  cases  the  mem- 
brane forms  and  reforms  for  months.  As  regards 
cause  ;  (1)  very  rarely  the  process  creeps  to  the 
conjunctiva  from  the  nose  iu  cases  of  primary  diph- 
theria, or  is  caused  by  inoculation  of  the  conjunctiva 
with  membrane ;  whilst  in  a  few  the  ophthalmia 
forms  the  first  symptom  of  general  diphtheria,  or  of 
masked,  or  anomalous  scarlet  fever.  (2)  More 
commonly  it  is  part  of  a  diphtheritic  type  of  inflam- 
mation following  some  acute  illness.  (3)  It  may  be 
caused  by  the  over-use  of  caustics  in  ordinary  puru- 
lent ophthalmia  (p.  84).  (4)  It  may  be  due  to 
contagion,  either  from  a  similar  case  or  from  a  pniti- 
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lent  oplitliahnia,  or  a  gouorrbcea,  the  diphtheritic 
type  depending  on  some  peculiarity  in  the  health 
or  tissues  of  the  recipient.  Membranous  and  diph- 
theritic ophthalmia  are  seen  most  often  in  children 
from  two  to  eight  years  old,  less  commonly  in  adults 
and  infants.  It  is  commoner  in  North  Grermany  than 
in  other  parts  of  Europe,  but  severe  and  even  fatal 
cases  ai'e  well  known  in  our  own  country.  In  two 
cases  I  have  seen  the  same  condition  attack  the  skin 
of  the  eyelids  and  cause  sloughing  patches. 

In  treatment  the  cardinal  point  is  not  to  use  nitrate 
of  silver  in  any  form  when  there  is  scanty  discharge 
and  much  solid  infiltration  of  the  conjunctiva.  The 
agents  to  be  relied  upon  are  (1)  either  ice  or  hot 
fomentations  ;  ice,  if  it  can  be  used  continuously  and 
well ;  fomentations,  to  encoui'age  liquid  exudation 
and  determination  to  the  skin  if  the  cold  treatment 
cannot  be  cai*ried  out,  or  fails  to  make  any  impres- 
sion on  the  case ;  (2)  leeches,  if  the  patient's  state 
will  bear  them  ;  (3)  great  cleanliness.  The  presence 
of  membrane  is  no  bar  to  the  use  of  caustics,  pro- 
vided that  the  conjunctiva  is  succulent,  red,  and 
bleeds  easily.  Mr  Tweedy  strongly  advises  quinine 
lotion  used  very  frequently  (F.  27). 

PARTIAL  DISEASES 

Granular  ophthalmia  (trachoma)  is  a  very  im- 
portant malady,  characterised  by  slowly  progressive 
changes  in  the  conjunctiva  of  the  eyelids,  in  con- 
sequence of  which  this  membrane  becomes  thickened, 
vascular,  and  roughened  by  firm  hemisjiherical  eleva- 
tions, instead  of  being  jjale,  thin,  and  smooth.  The 
change  usually  begins  in  the  conjunctiva  of  the  lower 
lid,  extending  to  the  submucous  tissue  of  both  lids 
at  a  later  period,  and  giving  rise  to  the  growth  of 
much  organised  new  tissue  in  the  deep  jjarts  of  the 
conjunctiva.  This  tissue  is  afterwards  partly  ab- 
sorbed and  partly  converted  into  dense,  tendinous 
scar,  which  by  very  close  shrinking  often  gives  rise 
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to  much  trouble.  It  is  stated  by  Eeid  and  others 
that  trachoma  follicles  come  to  the  surface,  open, 
discharge  their  contents,  and  leave  minute  ulcers ; 
but  it  cannot  be  said  clinically  that  trachoma  is  an 
ulcerative  disease,  and  the  prominences  are  not 
"granulations"  in  the  pathological  sense.*  There 
have  been,  and  still  are,  extraordinary  differences  of 
opinion  as  to  the  origin  and  nature  of  the  "granula- 
tions" or  "trachoma  bodies"  in  this  disease.  The 
latest  researches  favour  the  view  that  they  are  de- 
rived either  from  natural  lymphatic  follicles  or  from 
tubular  glands.  The  question  is  very  difficult, 
whether  from  the  histological  or  the  clinical  point  of 
view,  though  we  may  hope  that  it  will  be  simplified 
if  Sattler's  view  that  trachoma  is  due  to  a  sjjecific 
coccus  be  confirmed  (1881  and  1882).  Fig.  40 
shows  a  section  through  some  recent  trachoma 
bodies. 


X  14. 


Fig.  40.— Microscopical  section  through  four  recent  trachoma 
bodies  ("sago-grain  granulations"),  from  the  lower  lid  of 
a  young  Irish  soldier  whose  eyes  became  affected  in  the 
late  Egyptian  campaigns.  The  epitlieliiil  cells  become 
almost  indistinguishable  from  those  of  the  growth  where 
they  cover  the  largest  nodule.  No  reticulum  can  be  made 
out  between  the  cells  of  which  the  growths  are  composed. 

The  disease  is  first  shown  by  the  presence,  on  the 
lower  lid,  of  a  number  of  rounded,  pale,  semitrans- 
parent.  bodies  like  little  grains  of  boiled  sago,  or 
sometimes  looking  like  vesicles  ;  the  so-called  "  vesi- 
cular," or  "sago-grain,"  or  "follicular"  granula- 
tions (Fig.  41).  Judging  clinically,  they  are,  to  a 
certain  degree,  normal,  and  are  seen,  especially  on 

*  I  am  aware  that  Raehlmann  makes  a  contrary  statement. 


90 


DISEASES  OF  THE  CONJUNCTIVA  Chap. 


the  lower  lids,  iu  many  young  persons  with  slight 
ophthalmia,  who  never  afterwards  suffer  from  true 
granular  lids.    Such  mild  cases,  in  which  no  pai'ts 

deeper  than  the  normal 
lymphatic  follicles  and  pa- 
pillae ax-e  affected,  and  in 
which  recovery  takes  place 
without  cicatricial  changes, 
are  by  Saemisch  and  some 
other  authors  placed,  under 
the  name  of  conjunctivitis 
FiG.41.-Gi-anulnrlowerlid.  folUcularis,  in  a  separate 
(After  Kl)le.)  category  from  the  granular 

disease ;  the  two  conditions 
being  supposed  due  to  radically  different  causes.  But 
the  frequent  coincidence  of  transitional  forms  in  the 
same  case,  the  fact  that  both  "  follicular  conjunc- 
tivitis "  and  well-marked  granular  disease  admit- 
tedly occur  under  the  same  general  conditions,  aud 
that  in  a  given  case  the  distinctions  between  "  fol- 
licles" and  "granulations"  often  cannot  be  made 
until  it  is  known  whether  or  no  cicatricial  changes 
will  occur,  certainly  much  lessen  the  clinical  value  of 
the  asserted  paihological  difference. 

Grranular  disease  is  very  important  because  it 
greatly  increases  the  susceptibility  of  the  conjunc- 
tiva to  take  on  acute  inflammation  aud  to  j^roduce 
contagious  discharge ;  makes  it  less  amenable  to 
treatment,  and  vei-y  liable  to  relapses  of  ophthalmia 
for  many  years ;  and  often  gives  rise  to  deformities 
of  the  lid  and  to  serious  damage  of  the  cornea.  In 
crowded  poor-law  schools  we  see  many  cases  of 
granular  lids  in  which  there  is  no  history  of  an  acute 
attack  having  ever  occurred,  but  iu  ordinary  practice 
it  is  rare  to  see  such. 

Chronic  granular  disease  is  the  result  (1)  of  pro- 
longed overcrowding,  or  rather  of  long  residence  in 
badly  ventilated  and  damp  rooms  ;  it  used  to  be 
very  abundant  in  the  army  and  navy,  and  is  still  seen 
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in  great  perfection  in  workliouse  schools  ;  (2)  a  gene- 
rally low  state  of  health,  no  doubt,  increases  the  sus- 
ceptibility to  it:  (3)  it  is  cceteris  paribus,  commonest 
and  most  quickly  produced  in  children ;  (4)  certain 
races  are  peculiarly  liable  to  suffer,  e.  g.  the  Irish, 
the  Jews  and  some  other  Eastern  races,  and  some  of 
the  Gerniau  and  French  races.  The  Irish  and  Jews 
carry  it  with  them  all  over  the  world,  and  transmit 
the  liability  to  their  descendents  wherever  they  live. 
Negroes  in  America  are  said  to  be  almost  exempt ; 
(5)  damp  and  low-lying  climates  ai'e  more  produc- 
tive of  it  than  others ;  thus  it  is  rare  in  Switzerland. 
Possibly  what  are  now  race  tendencies  may  be  the 
expression  of  climatal  conditions  acting  on  the  same 
race  through  many  generations.  It  is  difficult  clini- 
cally to  decide  whether  the  trachoma  growths, 
apart  from  the  discharge,  are  caused  by  contagion, 
or  by  the  influence  of  non-vital  causes,  such  as 
damp  and  imjiure  air ;  many  high  authorities  held 
for  a  long  time  that  the  chronic  disease  was  con- 
tagious, and  even  communicable  at  a  distance 
through  the  air,  without  the  j^i-esence  of  any  appre- 
ciable discharge.  When  accompanied  by  dischai'ge, 
the  disease  is  contagious  ;  and  it  is  genei'ally  held 
that  the  discharge  from  a  case  of  trachoma  is 
specific,  i.e.  that  it  will  give  rise  by  contagion,  not 
only  to  muco-purulent  or  purulent  ophthalmia,  but 
to  the  true  granular  disease. 

Sattler  in  1881-2  believed  that  he  had  discovered 
a  specific  microbe  for  trachoma;  his  results  have 
been  substantially  confirmed  by  Michel  and  others, 
and  it  is  lield  by  Koch  and  other  recent  investiga- 
tors that  in  mixed  cases  of  catarrhal  and  granular 
disease  two  specific  microbes  exist.  Should  this 
prove  true,  it  will  at  once  simplify  and  explain  the 
varying  characters  of  contagious  ophthalmia  compli- 
cated by  granular  lids. 

Those  who  practise  in  the  army,  or  who  have 
charge  of  such  institutions  as  pauper  schools,  will 
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find  that  in  practice,  the  causes  of  the  chronic  granular 
condition  are  inextricably  mixed  up  with  all  kinds  of 
facilities  for  contagion,  and  that  it  will  be  necessaiy 
to  fight  against  two  enemies — the  causes  of  spon- 
taneous chronic  granular  disease,  and  the  sources 
of  contagious  discharge.  The  former  is  to  be  com- 
bated ])y  improved  hygienic  conditions,  especially  by 
free  ventilation,  dry  air,  abundant  open-air  exercise, 
and  improvement  of  the  general  vigour.  The  soui'ces 
of  contagion  are  endless,  especially  since,  as  has  been 
stated,  granular  patients  ai'e  liable  to  relapses  of 
muco-purulent  discharge  from  almost  any  slight 
irritation.  Frequent  inspection  of  all  the  eyes,  rigid 
separation  of  all  who  show  any  discharge  or  are 
known  as  especially  subject  to  relaj^ses,  arrange- 
ments for  washing  such  as  will  prevent  the  use  of 
towels  and  water  in  common,  exti*eme  care  against 
the  introduction  of  contagious  cases  from  without, — 
such  are  the  chief  i^reventive  measures.  Extra  pre- 
cautions will  be  needed  in  time  of  war  or  famine,  or 
when  measles  or  scarlet  fever  are  prevalent,  or  during 
marches  through  hot,  sandy,  or  windy  districts. 

The  curative  treatment,  when  discharge  is  present, 
does  not  differ  from  that  of  the  acute  ophthalmise 
already  given.  The  use  of  strong  astringents  (solid 
sulphate  of  copper)  or  caustics  (nitrate  of  silver  in 
strong  solution,  or  in  the  mitigated  solid  pencil), 
however,  is  generally  needed  in  order  to  make  much 
impression  on  the  granular  state  of  the  lids.  The  lids 
being  thoroughly  everted,  are  touched  all  over  with 
one  or  other  application,  and  this  is  repeated  daily, 
or  less  often  ;  some  experience  being  required  before 
we  can  decide  how  often  to  touch  the  eyelids  in 
each  case.  By  careful  treatment  on  this  principle 
most  patients  may  be  kept  comfortably  fi'ee  from 
active  symptoms,  many  relapses  may  be  prevented, 
the  duration  of  the  disease  shortened,  and  the  risks 
of  secondary  damage  to  the  cornea  much  lessened. 
Do  what  we  will,  however,  granular  disease  when 
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well  established  is  most  tedious,  and  fastens  many 
risks  and  disabilities  on  its  subjects  for  years  to 
come. 

For  routine  treatment  on  a  large  scale  nothing  is  so 
effectual  as  nitrate  of  silver,  either  a  ten-  or  twenty- 
grain  solution  or  the  mitigated  solid  point  (F.  1  and 
2).  But  silver  has  the  disadvantage  of  sometimes 
permanently  staining  the  conjunctiva  after  long  use, 
and  in  very  chronic  cases  I  think  either  sulphate  of 
copper  or  the  lajDus  divinus  (F.  5)  is  to  be  prefen-ed, 
especially  as  the  patient  may  sometimes  be  taught  to 
evert  his  own  lids  and  use  it  himself.  The  solid  miti- 
gated nitrate  of  silver  needs  washing  off  with  water 
at  first,  but  in  old  cases  it  is  often  better  not  to 
do  so. 

Results  of  granular  disease. 
lations  of  the  upper  lid  (a. 
Fig.  42),  especially  in  cases 
of  long  standing  where  some 
scarring  is  i^rcsent  (6),  often 
causes  cloudiness  of  the 
cornea,  partly  from  ulcera- 
tion, but  mainly  from  the 
growth  of  a  layer  of  new  and 
very  vascular  tissue,  in  the 
superficial  layers  of  the  cor- 
nea (panmis)*  (Fig.  43).  In 
later  periods  the  conjunctiva 
and  deeper  tissues  are  short- 
ened and  puckered  by  the  scar  following  absorption  of 

*  It  is  doubtful  liow  far  the  development  of  pannus  is  due  to 
friction,  or  to  extension  of  the  trachoma  over  tlie  sclerotic  to  the 
cornea.  Trachoma  bodies  may  certainly  be  sometimes  seen  on 
tlie  ocular  conjunctiva.  Kaehlmann  states  that  the  first  sign  of 
jjannus  consists  in  a  collection  of  lymph-cells  in  the  cornea  be- 
neath Bowman's  membrane ;  subsequently  a  layer  resembling 
adenoid  tissue  is  found  there  containing  blood  and  lymphatic 
vessels.  That  friction  may  alter  the  epithelium  is  proved  by  cer- 
tain eases  in  which  the  ujiiier  half  of  the  cornea  loses  its  jiolish 
during  a  temporary  papillary  roughening  of  the  upper  lid. 


— Friction  by  the  granu- 


FlG.  42. — Granular  upper 
lid.  a.  Granulations,  b. 
Line  of  scar  in  typical 
position,  parallel  with 
border  of  lid. 
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the  "  granulations  "  (Fig.  42,  h).  These  clianges,  wLen 
severe,  often  lead  to  inversion  of  the  border  of  ihe 


Fig.  43. — Section  showing  layer  of  new  and  vascnilnr  tissue 
(pannus)  between  e])itlielinm  (Epi.)  and  cornea  (C).  Scl. 
Sclerotic.  C.  M.  Ciliary  nmscle.  Svh.  C.  Sclilemni's  canal 
/.  Iris.     X  about  10  diameters. 


lid  {entropion)  ;  when  slighter,  some  or  all  of  the 
lashes  may  be  distorted  so  as  to  rub  against  the 
cornea,  without  actually  turning  inwards  (disiichiasis, 
trichiasis)  ;  and  these  conditions  are  often  combined 
with  pannus.  Pannus  Ijegins  beneath  the  upper  lid, 
its  vessels  are  superficial  and  continuous  with  those 
of  the  conjunctiva,  and  are  distributed  in  relation  to 
the  parts  covered  by  the  lid,  not  in  reference  to  the 
structure  of  the  cornea  (Fig.  44) .   The  proper  corneal 

tissue  suffers  but  little  ex- 
cept where  ulcers  occur ; 
but  when  the  vascularity  is 
extreme  it  may  soften  and 
bulge,  even  without  ulcei'- 
ating. 

Pannus  disaji  pears  when 
the  granular  lid,  or  the 
displacement  of  lashes  is 
cured.  Very  severe  and 
universal  pannus  is  some- 
times best  treated  by  arti- 
ficial inoculation  with  pu- 
rulent ophthalmia,  the  in- 
flammation being  f oUowed  by  obliteration  of  vessels 
and  clearing  of  the  cornea;  but  this  treatment  needs 


Pannus  afifecting 


Fig.  44 

upper  half  of  cornea. 
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great  judgment  and  caution.  More  recently  an  in- 
fusion of  tlie  seeds  known  in  commerce  as  "  Je- 
quirity  "  (F.  40)  has  been  introduced  into  Europe  by 
De  Wecker.  It  acts  in  mucli  the  same  way  as  pus 
from  purulent  oplithalmia,  but  less  severely  ;  a  very 
acute  attack  of  dijihtheritic  or  purulent  ophthalmia 
with  much  swelling  comes  on  a  few  hours  after  the 
infusion  has  been  used,  lasts  a  few  days,  and  is 
followed  by  a  more  or  less  shrinking  of  the  trachoma 
bodies  and  of  the  vessels.  It  occasionally  causes 
glandular  swellings  in  the  neck  and  considerable 
general  disturbance.  Repeated  attacks  may  be  in- 
duced with  safety  at  intervals  of  a  few  weeks. 
Jequirity  probably  depends  for  its  action  upon  a  non- 
organised  ferment  such  as  is  found  in  some  other 
seeds.  Sattler  believed,  from  experiment,  that  a 
specific  bacillus  was  the  active  agent  (1883),  but  his 
results  have  been  negatived  by  Widmark,  Klein,  and 
several  others ;  whilst  an  albuminous  extract  free 
from  organisms,  but  possessing  the  peculiar  proper- 
ties of  the  infusion  of  the  seed  has  been  separated 
by  Warden  and  Waddell,  Salomonsen,  and  others.* 
Much  difference  of  opinion  exists  as  to  the  clinical 
value  of  jequirity  owing  to  its  having  been  often 
employed  too  strong  and  in  unsuitable  cases ;  it  is 
not  safe  unless  there  are  vessels  on  the  cornea,  and 
safety  apart,  it  is  of  little  or  no  use  if  the  conjunctiva 
be  succulent  and  producing  pus.  It  should  be 
reserved  for  old,  dry,  granular  lids  with  more  or  less 
pannus,  and  in  such  I  have  repeatedly  had  excellent 
results  from  it.  Removal  of  a  zone  of  conjunctiva 
and  subconjunctival  tissue  {syndeciomy,  peritomy) 
from  around  the  cornea  is  free  from  risk  and  some- 
times very  beneficial  in  old  cases  which,  though  severe, 
are  not  bad  enough  for  inoculation.  In  old  cases  of 
granular  disease,  even  where  no  complications  have 

*  Mr  Martiiulale  last  year  went  to  considerable  trouble  in 
tryin<;  to  prepare  such  an  active  principle  for  me,  but  unfor- 
tunately the  substance  he  separated  was  almost  inert. 
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arisen,  the  upper  lids  often  droop  from  relaxation  of 
the  loose  conjunctiva  above  the  tarsal  cartilage,  and 
the  patient  acquires  a  sleepy  look. 

For  the  cure  of  the  displaced  lashes  and  incurved 
eyelids  we  may:  —  (1)  repeatedly  pull  out  the  lashes 
with  forceps ;  (2)  extirjiate  all  the  lashes  by  cutting 
out  a  narrow  strip  of  the  marginal  tissues  of  the  lid  ; 
(3)  attempt  by  operation  to  restore  the  lashes  to 
their  proper  direction  (Chap.  XXII)  ;  (4)  employ 
electrolysis ;  for  a  few  lashes  I  now  use  sewing 
needles,  inserting  several  at  a  time  into  the  hair  fol- 
licles, and  passing  the  current  through  all  at  once, 
by  means  of  a  broad  eyelid  forceps  ;  such  operations 
well  selected  and  carefully  performed  give  very  good 
results ;  but  as  the  inner  surface  of  tbe  lid  con- 
tinues to  shorten,  and  this  shortening  tends  to  re- 
produce the  original  state  of  things,  some  of  these 
procedures  give  only  temporary  relief. 

Chronic  conjunctivitis,  chiefly  of  the  lower  lid,  is  a 
common  disease,  especially  in  elderly  people.  There 
is  more  or  less  soreness  and  smarting,  redness  and 
papillary  roughness  of  the  inner  surface  of  the  lid  or 
of  both  lids,  but  very  little  discharge  and  no  tra- 
choma granulations.  The  caruncle  is  red  and 
fleshy  as  it  is  in  all  forms  of  palpebral  conjuncti- 
vitis, and  there  is  often  soreness  of  the  lids  at 
the  canthi.  Lapis  divinus  is  one  of  the  best  ap- 
plications, and  yellow  ointment  is  sometimes  useful 
(F.  5  and  12). 

Lacrimal  conjunctivitis. — Troublesome  chronic  con- 
junctivitis, often  complicated  by  small  pustules  at 
the  roots  of  the  lashes,  or  by  chronic  blepharitis,  is 
a  common  result  of  lacrimal  obstruction.  Recently 
mici'O-organisms  of  several  kinds  associated  with 
pus- formation  have  been  found  in  these  little  ab- 
scesses as  well  as  in  pus  from  the  lacrimal  sac  (Wid- 
mark).  Palpebral  conjunctivitis  of  long  standing 
with  watering,  gummy  discharge,  and  more  or  less 
blepharitis,  should,  esi^ecially  if  confined  to  one  eye, 
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always  lead  to  the  susjiicion  of  mucocele  or  chronic 
lacrimal  abscess. 

The  rare  disease  described  as  Amyloid  of  the  Con- 
junctiva seems  scarcely  to  have  been  noticed  in  this 
country.  Detailed  accounts  of  its  clinical  and  patho- 
logical characters  may  be  found  in  Knapp's  '  Ar- 
chives of  Ophthalmology,'  vols,  x  and  xi,  and  an 
excellent  abstract  of  one  of  these  papers  appeared 
in  the  '  Ophthalmic  Review  '  for  Aug.,  1882. 

Spring  catarrh. — A  peculiar  and  apparently  specific 
chronic  disease,  affecting  the  conjunctiva  of  the  globe 
and  upper  lid.  In  the  former  situation  it  takes  the 
form  of  confluent  broad  patches  of  fleshy-looking 
thickening,  of  a  light  brown  pink  colour,  slightly 
overlapj)ing  the  edge  of  the  cornea  for  a  considei'able 
part  of  its  circumference.  In  the  latter  situation  it 
occurs  as  large,  pale,  flat-topped  granulations,  which, 
are  sometimes  made  to  assume  polygonal  outlines 
by  their  pressui'e  uj^ou  one  another.  They  begin, 
like  trachoma,  at  the  inner  and  outer  end  of  the  lid  : 
either  variety  may  occur  separately.  The  disease  is 
worst  in  the  warm  part  of  the  year,  but  it  lasts  in 
some  cases  many  years,  and  gives  but  little  trouble ; 
the  growths  on  the  upper  lid  do  not  produce  pannus. 
The  thickening  is  said  to  consist  chiefly  of  epithelium, 
and  not  to  affect  the  deep  tissues. 

Treatment  by  nitrate  of  silver  is  unnecessary ; 
occasional  touching  of  the  larger  granulations  by 
the  galvano-cautery  is  the  best  treatment.  Unlike 
trachoma,  it  occurs  commonly  in  all  classes  of  society, 
and  is  probably  not  contagious  ;  hence  its  differen- 
tial diagnosis  in  children  at  school  is  very  im- 
portant. Hitherto  it  has  not  been  much  noticed  in 
this  country,  but  pi'obably  it  is  not  so  rare  as  has 
been  thought. 

Conjunct  ivitis  from  drugs. — The  local  use  of  atro- 
pine sometimes  gives  rise  to  a  peculiar  inflammation 
of  the  conjunctiva  and  skin  of  the  lid — "  atrojnne 
irritation."    The  conjunctiva  of  the  lids  becomes 
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vasciilar,  thickened,  and  even  granular,  and  usually 
the  skin  is  reddened,  slightly  excoriated,  and  somewhat 
shining.  This  effect  of  atropine  is  commonest  in 
old  peoi^le.  Some  persons  are  very  susceptible,  and. 
cannot  bear  even  a  drop  or  two  without  suffering 
in  ^  some  degree.  Daturine  and  duboisin  cause  less 
irritation,  and  may  be  used  instead  ;  but  it  is  better, 
if  possible,  not  to  use  mydriatics  at  all  for  a  few  days. 
An  ointment  containing  lead  and  zinc  should  be  ap- 
plied to  the  lids,  and  zinc  or  silver  lotion  to  the  con- 
junctiva ;  sometimes  glycerine  suits  better  than  oint- 
ment. In  susceptible  persons  I  have  not  found  this 
peculiar  inflammation  prevented,  either  by  the  use 
of  solutions  made  with  antiseptics,  or  of  solutions 
quite  freshly  made.  Eserine  sometimes  causes  iden- 
tical symptoms.  Congestion  of  the  conjunctiva  has 
been  seen  among  those  emjjloyed  in  aniline  dye 
works;  conjunctivitis  was  seen  by  Trousseau  in  4 
to  5  ^  of  patients  treated  for  j^soriasis  by  chi*yso- 
phanic  acid.  If  continued  long  enough  arsenic  will 
in  some  jDcrsons  produce  redness  and  congestion  of 
the  conjunctiva.  The  action  of  jequirity  is  described 
on  p.  95. 

Primary  shrinJcing  of  the  conjunctiva  (Pemphigus 
of  Conjunctiva). — A  very  peculiar  and  rather  rare 
disease,  in  which,  with  the  phenomena  of  chronic  in- 
flammation, the  whole  conjunctiva  slowly  atrophies 
and  contracts,  owing  to  the  formation  in  it  of  cicatri- 
cial tissue.  Daring  the  earlier  stages  the  thickening 
of  the  tarsus  and  the  congestion  with  scarring  of  the 
palpebral  conjunctiva  have  sometimes  led  to  the  dis- 
ease being  mistaken  for  trachoma ;  the  two  maladies 
are,  however,  quite  distinct.  Finally,  the  whole  con- 
junctival sac  disapj)ears,  and  the  free  borders  of  the 
lids,  fixed  closely  to  the  globe,  are  directly  continuous 
with  the  cornea,  which,  irritated  and  dried  by  ex- 
posure and  want  of  secretion,  becomes  opaque  and 
covered  by  crusts  ("  xerosis").  JSTo  treatment  seems 
of  any  use. 
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In  some  of  tlie  cases  there  has  been  a  history  of 
general  pemphigus,  and  reason  to  believe  that  the 
disease  of  the  conjunctiva  resulted  from  a  modified 
form  of  pemphigus  eruption. 
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CHAPTEE  VII 

DISEASES  OP  THE  CORNEA 

A.  Ulcers  and  non-specific  inflammatory  diseases 

Inflammation  of  the  coi'nea  may  be  circumscribed 
or  diffuse,  and,  though  usually  affecting  the  proper 
corneal  tissue,  may  be  limited  to  the  epithelium  on 
either  of  its  surfaces.  It  may  be  a  local  process 
leading  to  formation  of  pus  or  to  ulceration  ;  or  the 
expression  of  a  constitutional  disease,  such  as  inherited 
syphilis ;  or  it  may  form  part,  and  perhaps  only  a 
minor  part,  of  disease  involving  also  the  deeper  parts 
of  the  eyeball — the  iris  (kerato-iritis),  or  sclerotic 
(sclero-keratitis),  for  exami^le. 

The  different  varieties  of  corneal  ulceration  and 
suppurative  inflammation  form  a  very  large  and 
important  contingent  of  ophthalmic  cases.  The 
cornea,  although  a  fibrous  structure,  is  further  re- 
moved from  the  blood-vessels  than  almost  any  other 
tissue,  and  its  delicate  surface  is  much  exposed  ;  it 
is  therefore  extremely  susceptible  both  to  external 
irritants  and  to  disturbances  of  nutrition  from  defec- 
tive supply,  or  bad  quality,  of  blood ;  ulceration  of 
the  cornea  always  means  deficient  vitality.  Lastly, 
its  surface  is  so  delicate,  and  its  perfect  transparency 
and  regularity  so  important,  that  slight  injuries  and 
irritations  are  of  more  moment  here  than  in  any 
other  part  of  the  body. 

When  inflamed  the  cornea  always  loses  its  trans- 
parency. If  only  the  anterior  epithelium  be  involved 
the  surface  loses  its  polish,  and  looks  like  clear  glass 
which  has  been  breathed  upon — "  steamy,"  or  finely 
pitted — a  condition  occurring  in  many  states  of 
disease.    Thickening  of  the  epithelium,  and  still 
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more,  exudation  into  the  corneal  tissue,  is  shown  by 
a  white,  greyish,  or  yellowish  tint. — If  the  corneal 
tissue  be  opalescent,  while  the  surface  is  at  the  same 
time  "  steamy,"  the  term  "ground-glass"  gives  a 
good  idea  of  the  appearance,  though  to  make  the 
simile  correct  the  glass  ought  to  be  milky  throughout, 
as  well  as  ground  on  the  surface.  Rapid  suppurative 
inflammation  is  preceded  by  a  stage  of  diffused 
opalescence  ;  hence  rapid  opalescence  is  a  sign  of 
imminent  danger  in  such  diseases  as  purulent  oph- 
thalmia, severe  burns,  or  jaaralysis  of  the  fifth  nerve. 
Fluorescence  of  the  cornea  has  been  seen  as  the  result 
of  the  use  of  c[uinirie  lotions  to  the  eye,  and  appears 
to  be  due  to  the  deposit  of  crystals  of  quinine  in  the 
cornea. 

Before  describing  the  most  important  types  of 
corneal  ulcer,  it  is  convenient  to  mention  the  prin- 
cipal chanc/es  attendant  on  idceration  of  the  cornea 
in  general. — An  ulcer  of  the  cornea  is  preceded  by 
a  stage  of  infiltration,  and  the  inflamed  spot  is 
generally  a  little  raised.  After  the  centre  of  the 
spot  has  broken  down  into  an  ulcer,  the  extent, 
density,  and  colour  of  the  infiltration  at  its  base  and 
edges  are  important  guides  to  its  future  course. 
The  ulcer  when  healed  leaves  a  hazy  or  opaque  spot 
(leticoma  if  dense,  nebula,  if  faint),  which  is  slight 
and  may  disappear  entirely  if  superficial,  but  will  in 
part  be  permanent  if  the  ulcer  have  been  deep. 
These  opacities  are  likely  to  clear,  cceteris  paribus,  in 
proportion  to  the  youth  of  the  patient ;  time  also  is 
a  vei-y  important  element,  nebulae  often  continuing 
to  clear  slowly  for  years ;  local  stimulation  aids  in 
the  removal  of  the  opacities,  one  of  the  best  applica- 
tions being  the  ointment  of  yellow  oxide  of  mercury 
(F  12,  13).  Other  modes  of  local  stimulation  have 
been  recommended,  such  as  tattooing,  massage,  elec- 
trolysis, and  the  use  of  various  powders.  Several 
successful  attempts  have  been  made  to  transplant 
circular  portions  of  the  clear  cornea  removed  from 
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the  rabbit  by  a  trephine,  to  rejilace  i^ortions  of  the 
human  cornea,  rendered  ojjaque  bj  disease.  To  do 
this  successfully  it  is  necessary  to  leave  behind 
Descemet's  membrane  in  the  diseased  cornea  (v. 
Hippel).  Ulcers  which  have  little  or  no  infiltration 
often  heal  slowly,  but  leave  a  permanent  facet  or 
flattening  ;  such  facets  destroy  the  regular  curvature 
of  the  cornea,  and  thus  often  cause  more  damage  to 
vision  than  a  considerable  degree  of  mere  clouding. 
During  repair  blood-vessels  often  form  and  j^ass 
from  the  nearest  part  of  the  corneal  edge  to  the  ulcer, 
to  disappear  when  healing  is  comi)lete  ;  phlyctenular 
ulcers,  however,  are  vascular  from  the  beginning. 
Corneal  imperfections  are,  of  course,  most  damaging 
to  vision  when  placed  over  the  puj^il. 

The  chief  symptoms  of  corneal  ulceration  are  :  (1) 
photophobia,  with  its  consequence,  sj^asm  of  the  oi'bi- 
cularis,  hlepharosjiasm ;  (2)  congestion ;  (3)  p)aini 
All  three  symptoms  vary  extremely  in  degree  in 
diiferent  cases. — As  a  broad  rule  with  many  excep- 
tions, we  may  say,  that  intolerance  of  light  is  worse 
in  children  than  in  adults,  worse  with  superficial 
than  with  deep  ulcers,  and  worse  in  jiersons  who  are 
strumous  and  irritable  than  in  those  vsdth  healthy 
tissues  and  good  tone.  Photophobia  should  always 
lead  to  a  careful  inspection  of  the  cornea,  and  we 
shall  then  sometimes  be  surprised  to  find  how  slight 
a  change  gives  rise  to  this  symj)tom  in  its  severest 
form. — The  degree  of  congestion  varies  with  the  seat 
and  cause  of  the  ulcer,  and  with  the  patient's  age, 
being  usually  greatest  in  adults.  The  visible  con- 
gestion is,  as  in  iritis,  due  especially  to  distension 
of  the  subconjunctival  twigs  of  the  ciliary  zone  (Fig. 
25,  Ant.  Cil.,and  Fig.  28),  but  there  is  often  conges- 
tion of  the  conjunctival  vessels  as  well.  In  some 
foi'ms  of  marginal  ulcer  only  those  vessels  which  feed 
the  diseased  part  are  congested.  Great  pain  in  and 
around  the  eye  often  attends  the  earlier  stages  of 
corneal  abscess,  and  is  common  in  many  acute  ulcers  ; 


VII. 


DISEASES  OP  THE  CORNEA 


103 


as  a  symj^toru,  it  of  course  always  needs  careful 
attention  ;  it  is  generally  relieved  by  those  local 
measures  which  are  best  for  the  disease  itself. 

TYPES  OF  CORNEAL  ULCERATION 

(1.)  One  of  the  simplest  forms  is  the  small  central 
ulcer  often  seen  in  young  children.  A  little  greyish - 
white  spot  forms  in  the  central  part  of  the  cornea, 
at  first  elevated  and  bluntly  conical,  afterwards  show- 
ing a  minute  shallow  crater  ;  the  congestion  and 
photophobia  vaiy,  but  are  often  slight.  The  ulcer  is 
usually  single,  but  it  is  apt  to  recur  in  the  same,  or  the 
other  eye.  The  infiltration  often  extends  into  the 
corneal  tissue,  and  the  residual  opacity  remains  for 
a  long  time,  if  not  permanently.  The  patients  are 
always  badly  nourished.  In  most  cases  the  ulcer 
quickly  heals,  but  now  and  then  the  infiltration 
passes  into  an  abscess,  or  a  spreading,  supjjui'ating 
ulcer. 

(2.)  Less  commonly  we  meet  with  a  central  ulcer, 
or  a  succession  of  ulcers,  of  a  much  more  chronic 
character,  and  attended  with  little  or  no  infiltration. 
After  lasting  for  months  the  loss  of  tissue  is  only 
partly  repaired,  and  a  shallow  depression  or  a  flat 
facet  is  left  with  but  little  loss  of  transparency. 
Some  of  the  best  examples  are  seen  in  antemic, 
or  strumous  patients  with  granular  lids  of  long 
standing. 

(8.)  Phlyctenular  ophthalmia  and  phlyctenular  ulcers 
of  cornea  (phlycteiiulae,  herpes  cornetB,  pustular 
ophthalmia,  marginal  keratitis,  "  strumous  ophthal- 
mia ").  The  formation  of  little  papules,  or  j^ustules, 
on  or  near  the  corneal  margin  is  exceedingly  common, 
either  independently,  or  as  a  complication  of  some 
existing  ophthalmia.  Although  there  are  many 
varieties  and  degrees  of  phlyctenular  inflammation 
in  respect  to  the  seat,  extent,  and  course  of  the 
disease,  the  following  featui-es  are  common  to  all. 
They  show  a  strong  tendency  to  recur  during  several 
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years  ;  they  are  seldom  seen  in  very  young  children, 
and  comparatively  seldom  after  middle  life ;  they 
occur  so  often  in  strumous  subjects,  that  we  are  jus- 
tified in  suspecting  scrofulous  tendencies  in  all  who 
suffer  much  from  them  ;  ophthalmia  tai'si  is  often 
seen  in  the  same  jiatients  ;  the  first  attack  often 
follows  closely  after  an  acute  exanthem  and  espe- 
cially after  measles  ;  the  cases  are  much  influenced 
by  climate  and  weather,  and  their  condition  often 
varies  extremely  from  day  to  day  without  making 
cither  progress  or  regress. 

An  elevated  spot,  like  a  papule,  commonly  about 
the  size  of  a  small  mustard  seed  is  seen  either  on 
thewbite  of  tbe  eye  near  the  cornea,  or  upon,  or  just 
within,  tbe  corneal  border.  It  is  preceded  and  ac- 
companied by  localised  congestion.  Its  top  some- 
times becomes  as  yellow  as  that  of  an  acne  pustule, 
but  more  often  when  seen  it  has  become  abraded, 
and  ajihthous  looking.  Pustules  at  a  little  distance 
from  the  cornea  (Fig.  45),  although  generally  larger 

than  tbose  seated 
on  the  corneal  bor- 
der, occasion  less 
photophobia,  and 
are  more  easily 
cured.  Pustules  at 
tbe  corneal  border, 
though  often  very 
small,  cause  trou- 
blesome, and  even 
very  severe  photo- 
FlG.  45.— Phlyctenular  ophthalmia  pbobia;  they  are 
conjunctival  form.  (Dalrymple.)  troublesome  m  pro- 
portion rather  to 
their  number  than  their  size,  and  if  so  numerous 
as  to  form  a  ring  around  the  cornea  their  cure  is 
often  very  tedious. 

A  pustule  is  always  liable,  even  when  it  has  begun 
on  the  conjunctiva,  to  advance  as  a  superficial  ulcer 
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on  to  the  coruea,  though  it  never  extends  in  the 
opposite  direction  over  the  sclerotic.  Snch  &  phlyc- 
tenular ulcer,  if  it  do  not  stop  near  the  corneal 
border,  will  make,  in  an  almost  radial  direction,  for 
the  centre,  carrying  with  it  a  leash  of  vessels  which 
lie  upon  the  track  of  opacity  left  in  tbe  wake  of  the 
ulcer  (Fig.  46).  Finally,  the  ulceration  stops,  the 
vessels  dwindle  and  dis- 
appear, but  the  path  of 
opacity  seldom  clears 
up  entirely.  The  term 
recurrent  vascular  ulcer 
is  used  when  such  ulcers 
are  solitary  ;  but  they 
are  often  multiple  as 
well  as  recurrent,  and 
then,  in  the  end,  we 
find  the  cornea  covered 
by  a  thin,  irregular  net- 
work of  superficial  ves- 
sels ou  a  patchy,  uneven,  hazy  surface,  the  so-called 
"phlyctenular  pannus^ 

A  common  variety  of  phlyctenular  inflammation, 
aptly  called  marginal  conjunctivitis  (perhaps  allied  to 
the  "  spring  catarrh^'  of  continental  authors),  occurs 
in  the  form  of  a  slight,  granular-looking,  often  vas- 
cular, swelling,  beginning  crescentially  above  or 
below,  but  often  extending  all  round  the  edge  of  the 
cornea.  If  the  process  continue  the  cornea  is  invaded 
by  a  densely  vascular,  superficially  ulcerated,  and  yet 
thickened  zone.  It  is  to  be  distinguished  from  a 
deeper  variety  of  marginal  keratitis  alluded  to  at 
p.  114. 

In  another  variety  a  single  pustule  just  within  the 
border  of  the  cornea  ulcerates  deeply,  becomes  sur- 
rounded by  swollen,  softened,  suppurating  tissue, 
and  may  perforate  ;  such  cases  are  seen  in  weakly 
women  and  strumous  childi'en. — In  very  rare  cases, 
what  appears  to  be  an  ordinary  conjunctival  pustule 


Fig.   46. — Phlyctenular  ulcer. 
(Tiavers.) 


106 


DISEASES  OP  THE  CORNEA 


Chap. 


persists,  grows  cleei)l3%  and  may  even  perforate  the 
sclerotic  in  the  form  of  an  ulcer ;  or  it  may  infiltrate 
the  sclerotic  and  the  ciliai-y  body  beneath,  forming  a 
soft,  semi-supimrating  tumour,  whence  the  inflam- 
mation is  likely  to  spread  to  the  vitreous  and  destroy 
the  eye.  Stopping  short  of  these  extreme  results, 
such  a  case  forms  one  type  of  episcleritis  (Chap.  IX). 

Occasionally  a  large  sometimes  solitary  blister 
forms  under  the  anterior  corneal  epithelium  ;  it  rises 
quickly,  is  attended  by  severe  neuralgic  pain,  which 
is  often  relieved  when  the  vesicle  bursts,  about  a 
day  after  the  onset.  The  condition  is  liable  to 
relapse  in  the  same  cornea,  and  seems  often  tbough 
not  always  to  have  its  origin  in  a  superficial  injury. 
(See  Abrasion.) 

The  corneal  changes  produced  by  the  friction  of 
granvdar  lids  have  been  considered  under  that  sub- 
ject. The  paunus  of  granular  lids  usually  differs 
from  the  "  phlyctenular  pannus  "  just  mentioned  in 
being  more  uniform  and  worse  beneath  the  upper  lid 
(Fig.  44)  ;  any  doubt  is  dispelled  by  everting  the 
lid.  But  it  must  be  borne  in  mind  that  ulceration 
of  the  cornea  often  occurs  as  a  complication  of  tra- 
chomatous pannus  (pp.  95  and  106). 

(4.)  In  old  persons  a  crescentic  ulcer  sometimes 
foi'ms  in  the  situation  of,  or  actually  ujjon,  an  arcus 
senilis.  Though  these  cases  generally  do  well  they 
should  be  watched,  for  at  first  they  may  be  indis- 
tinguishable from  more  serious  forms  about  to  be 
described. 

(5.)  Infective  corneal  ^ilcers.  Several  varieties  of 
dangerous  corneal  ulcer  may  be  grouped  together  as 
probably  depending  upon  local  infection,  and  there 
seems  to  be  no  doubt  that  destructive  inflammation 
of  the  cornea  may  occur  in  utero.  Diffei-ing  widely 
in  rapidity  and  depth,  they  agree  in  being  often  the 
result  of  slight  injuries  by  chips  of  metal,  beards  of 
corn,  &c.,  in  tending  to  spread  at  one  border  whilst 
healing  at  another,  in  the  absence  of  "  vessels  of 
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repair "  such  as  are  usually  formed  during  the 
healing  of  other  ulcers,  and  in  being  often  compli- 
cated with  hypopyon  (Fig.  48). 

The  most  important  variety  is  the  acute  serpiginous 
ulcer,  which  begins  as  a  grey  spot  showing  slight 
ulceration,  and  having  a  sharply  cut  border  one  jmH 
of  which  is  more  densely  opaqiie  than  the  rest  (Fig.  47)  ; 
this  infiltrated,  advancing 
edge  is  the  distinguishing 
mark  of  the  ulcer.  If  the 
ulcer  have  lasted  some 
little  time  a  portion  of  its 
edge,  usually  that  nearest 
the  corneal  Ijorder,  will  be 
more  or  less  filled  up  ;  in 
such  a  state  the  most  con- 
spicuous part  of  the  ulcer 
is  crescentic  (Fig.  47). 
Unless  quickly  checked 
the  process  often  spreads 
widely,  eats  deeply,  be- 
comes complicated  with  iritis  and  hyj^opyon,  and 
leads  to  perforation  of  the  cornea. 

Probably  many  causes  of  corneal  abscess  and  acute 
suppurating  ulcer  of  less  distinct  type  than  tlie 
above  are,  like  it,  due  to  infection. 

Abscess  may  occur  at  any  age,  but,  like  serpiginous 
ulcer,  is  commonest  in  those  who  ai-e  old,  underfed, 
or  damaged  by  drink;  but  the  little  grey  central 
ulcers  of  children  (p.  103)  may  go  on  to  abscess. 
Abscess  usually  forms  at  the  centre  of  the  corneal 
area  as  a  small  round  raised  spot,  with  great  pain 
and  congestion ;  rapidly  enlarging,  it  usually  bursts 
forwards,  leaving  a  round  ulcer  covered  with  lymphy 
pus,  but  it  may  perforate  the  hinder  surface  of  the 
cornea  ;  hypopyon  often  occurs.  The  purulent  infil- 
tration may  spread  rapidly  and  destroy  almost  the 
whole  cornea. 

Hypopyon  signifies  a  collection  of  pus  or  puro- 


FiG.  47. — Acute  serpiginous 
ulcer  of  cornea  with  cres- 
centic border  of  infiltration. 
(From  a  sketch  by  Dr 
Hei'bert  Habershon.) 
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lymph  at  the  lowest  part  of  tho  anterior  chamber; 
its  upper  boundary  is  usually,  but  not  always  level 
(Fig.  48).    It  may  occur  with  any  ulcer,  whether 


deep  or  not,  which  is  accomiJanied  by  purulent 
infiltration  of  tbe  surrounding  cornea ;  or  Avith 
corneal  abscess.  The  pus  may  be  derived  either  from 
an  abscess  breaking  through  the  posterior  surface  of 
the  cornea,  or  from  suppuration  of  the  epitlielium 
covering  Descemet's  membrane,  or  from  the  surface 
of  the  iris.  Simple  iritis  now  and  then  gives  rise  to 
hypopyon.  The  diameter  of  the  anterior  chamber 
being  rather  greater  than  the  apparent  diameter  of 
the  clear  cornea  a  very  small  hypopyon  may  be  hidden 
behind  the  overlapping  edge  of  the  sclerotic. — In 
some  cases  of  severe  corneal  suppuration  (a.  Tig,  49) 
the  jjus  sinks  down  between  the  lamellae  of  the 
cornea  (h).  To  this  condition  the  term  07iyx  is 
applied  and  should  be  limited,  though  it  is  some- 
times used  in  other  senses.  Tbe  term,  howevei',  may 
very  well  be  discarded.  Onyx  and  hypopyon  often 
coexist,  and  then  the  distinction  between  them  can 
hardly  be  made  without  tapping  the  anterior  chamber. 


Fig.  48. — Hypojiyoii,  seen 
from  tlu!  I'roiit,  and  in 
section,  to  sliow  that 
tlie  jms  is  beliiiul  the 
cornea. 


Fig.  49. — a.  Abscess. 
b.  Ony.\-. 
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Hypopyon  if  liquid  will,  but  ouyx  will  uot,  change 
its  position  if  the  patient  lies  down  ;  as,  however,  the 
pus  of  hypopyon  is  often  gelatinous  or  fibrinous,  this 
test  loses  much  of  its  value.  The  distinction  can 
sometimes  be  made  by  means  of  oblique  illumination, 
if  the  cornea  in  front  of  an  hypopyon  remain  clear. 

CJironic  and  s^cbac^Ue  seiyiginous  ulcers  are  seen 
from  time  to  time  spreading  for  weeks  or  even 
mouths.  They  sometimes  have  the  form  above 
described  (Fig.  47),  but  occasionally  the  ulceration 
takes  the  form  of  a  stem  with  irregular  broad  buds 
or  branches  not  unlike  a  liverwort,  the  disease  being 
superficial  from  beginning  to  end,  and  showing  no 
tendency  to  the  formation  of  pus,  but  spoiling  the 
surface  or  the  cornea  {dendritic  creeping  ulcer). 

Treatment  of  ulcers  of  the  cornea 

The  principles  of  local  treatment  for  the  various 
types  of  corneal  ulceration  are  : — (1)  To  favour  heal- 
ing by  keeping  the  surface  at  rest.  (2)  To  relieve 
j^ain,  pliotojjhobia,  and  severe  congestion.  (3)  To 
promote  absoii^tion  of  pus,  whether  in  the  corneal 
layers  or  in  the  anterior  chamber.  (4)  To  check  the 
spread  of  local  infection  by  scraping,  actual  cautery, 
and  antiseptics.  (5)  By  incision  to  evacuate  pus 
between  the  corneal  layers  (abscess) ,  or  in  the  anterior 
chamber  (hypopyon),  when  abundant  or  increasing. 

(6)  To  stimulate  the  surface  of  ulcers  which  have 
begun  to  heal,  or  of  indolent  ones  which  are  stationary. 

(7)  Counter-irritation  by  a  seton  in  certain  chronic 
cases.  (8)  When  the  corneal  ulceration  is  caused  by 
granular  lids,  or  associated  with  any  form  of  aciite 
ophthalmia,  the  treatment  of  the  conjunctiva  is 
usually  more  important  than  that  of  the  cornea. 

Often  we  have  no  difficulty  in  deciding  upon  the 
treatment.  But  in  some  cases,  especially  the  severer 
ones,  much  judgment  is  needed  ;  and  it  is  sometimes 
impossible  to  predict  with  certainty  what  measures 
will  be  best. 
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Ulcers  of  the  cornea  are  so  often  a  sign  of  bad 
health  tliat  every  care  should  be  bestowed  upon  the 
patient's  general  state. 

Treating  the  matter  clinically  we  shall  find  that 
local  stimulation  (6)  is  best  for  a  large  number  of 
the  cases  as  they  first  come  under  notice,  including 
phlyctenular  cases,  chronic  superficial  ulcers  of 
various  kinds,  and  even  many  recent  ulcers  if  not 
threatening  to  suppurate.  As  a  general  rule  this 
plan  alone  is  not  suitable  when  there  is  much  pho- 
tophobia, but  exceptions  occur,  especially  in  old- 
standing  cases.  The  most  convenient  remedy  is 
the  ointment  of  amorphous  yellow  oxide  of  mercury 
(F.  12  and  13),  of  which  a  piece  about  as  large  as  a 
hemp-seed  is  to  be  put  inside  the  eyelids  once  or 
twice  a  day.  If  smarting  continue  for  more  than 
half  an  hour  the  ointment  should  be  Avashed  out 
with  warm  water  ;  and  if  the  irritability  increase 
after  a  few  days'  use  of  the  ointment  the  preparation 
must  be  weakened  or  discontinued.  The  same  oint- 
ment, combined  with  ati'opine,  gives  excellent  results 
in  cases  of  superficial  ulcer  with  much  photophobia 
(F.  14).  Calomel  flicked  into  the  eye  daily  or  less 
often  is  also  an  admirable  remedy.  Nitrate  of  silver 
in  the  form  of  solid  mitigated  stick  (F.  1)  is  useful 
if  carefully  applied  to  large  conjunctival  j^ustules, 
and  occasionally  to  indolent  corneal  ulcers  :  its  use, 
however,  needs  some  skill,  and  is  seldom  really 
necessary: — solutions  of  from  5  to  10  grains  to  the 
ounce  may  be  cautiously  used  by  the  surgeon  instead 
of  the  yellow  ointment,  and  are  particularly  valuable 
in  old  vascular  ulcers  and  in  ulcers  with  conjuncti- 
vitis.— When  in  doiibt  it  is  best  to  depend  for  a  few 
clays  on  atropine  alone,  used  once  or  twice  a  day. 

Division  of  the  outer  canthus  by  scissors  is  some- 
times employed  for  children  with  severe  photo- 
phobia, but  is  only  of  temporary  use ;  fi-ee  douching 
of  the  head  and  face,  by  putting  the  child's  head 
under  a  tap  of  cold  water,  is  sometimes  successful. 
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In  all  cases  of  corneal  disease  attended  with  intole- 
rance of  light,  the  patient  is  to  wear  a  large  shade 
over  both  eyes,  or,  better,  a  pair  of  "goggles;"  a 
little  patch  over  one  eye  does  not  relieve  photophobia. 
Many  a  child  is  kept  within  doors,  to  the  injury  of 
its  health,  who,  with  suitable  protection,  can  go  out 
daily  without  the  least  detriment  to  its  eyes. 

In  chronic  and  relajjsing  cases,  with  photophobia 
and  irritability,  where  other  methods  have  had  a  fair 
trial,  a  seton  gives  the  best  results,  whether  the  eye 
be  much  congested  or  not.  The  silk  must  be  very 
thick,  the  punctures  should  be  at  least  an  iuch  apart, 
and  be  so  placed  that  the  scars  may  be  hidden  by  the 
hair  on  the  temple  or  behind  the  ear.  The  seton  is 
to  be  moved  daily,  and  if  acting  badly  may  be  dressed 
with  savin  ointment ;  it  should  be  worn  at  least  six 
weeks.  Severe  inflammation,  and  even  abscess, 
sometimes  sets  in  a  few  days  after  the  insertion  of 
the  thread,  and  in  very  rare  cases  secondary  bleeding- 
has  occurred  from  a  branch  of  the  temporal  artery. 
To  avoid  wounding  this  artery  tbe  skin  is  to  be  held 
well  away  from  the  head. 

Very  severe,  recent  phlyctenular  cases,  are  occa- 
sionally difficult  to  influence,  and  remain  practically 
"  blind  "  with  sjiasm  of  the  lids  for  weeks.  There  is 
seldom  any  risk,  provided  that  the  cornea  be  examined 
at  intervals  of  a  few  days,  and  in  the  end  such  cases 
do  well.  Calomel  dusted  on  the  cornea  sometimes 
helps  more  than  any  other  local  measure,  and  change 
of  air,  especially  to  the  seaside,  frequently  effects  a 
more  rapid  cure  than  any  local  treatment. 

Cases  for  which  the  stimiilating  treatment  is  suit- 
able seldom  need  the  eye  to  be  bandaged,  though,  as 
mentioned,  they  often  need  a  shade  or  goggles. 

The  remaining  methods  are  applicable  to  the 
severer  forms  of  ulceration — the  serpiginous  ulcer, 
deep  suppurating  ulcers,  abscess,  and  generally 
all  ulcers  with  hypopyon,  and  all  acute  ulcers  in 
elderly  persons.    In  many  cases  of  severe  type,  at  an 
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early  stage,  the  pain  may  be  relieved  and  the  ulcera- 
tion stopped  by  very  hot  fomentations  (of  water, 
popjjyhead,  or  belladonna)  to  the  eyelids  for  twenty 
minutes  every  two  hours,  the  eye  being  tied  up  in 
the  intervals  with  a  large  pad  of  cotton  wool  and 
bandage,  and  atropine  used  two  or  three  times  a 
day ;  the  patient  must  rest,  have  good  food,  often 
with  alcohol,  and  take  quinine,  or  bark  and  am- 
monia. If,  nevertheless,  the  ulceration  spread,  or  an 
hypopyon  form  or  increase,  incision  of  the  cornea  and 
the  use  of  topical  remedies  are  called  for.  Of  such 
remedies  the  best  seem  to  be  the  actual  cautery,  pre- 
ceded by  scraping  with  a  sharp  spoon,  and  followed 
by  iodoform  or  boracic  acid.  The  actual  cautery  may 
be  either  the  fine  galvano-cautery,  or  a  very  small 
Paquelin ;  the  edge  of  the  ulcer  is  to  be  well  burat 
before  the  heat  is  applied  to  the  floor,  and  I  like  to 
burn  a  little  beyond  the  opaque  edge. 

Iodoform,  which  is  probably  the  most  useful  cor- 
neal antiseptic,  may  be  used  in  powder  or  strong 
ointment  (20  or  30  gr.  to  3] ;  F.  19),  freely  three 
times  a  day  or  more  ;  it  gives  no  pain.  Boracic  acid 
may  be  used  in  the  same  way  ;  perchloride  of  mercury, 
of  the  strength  of  1  in  1000  has  also  been  used  in  cases 
of  dendritic  creeping  ulcer. 

Hypopyon,  if  large  (Fig.  48)  or  increasing,  must  be 
let  out,  and  on  the  whole,  for  most  cases,  Saemisch's 
plan  of  cutting  through  the  cornea  quite  across  the 
ulcer  is  the  best  for  this  purpose,  because  if  there  be 
pent-up  pus  in  the  cornea  this  section  will  allow  its  re- 
moval at  the  same  time  ;  the  section  should  be  made 
with  a  Grraefe's  cataract  knife  (Fig.  154)  entered  with 
its  back  towards  the  lens  at  one  border  of  the  ulcer, 
carried  across  the  anterior  chamber,  and  brought  out 
at  the  other  side  of  the  ulcer.  It  is  sometimes  an 
advantage  to  keep  up  leakage  by  reopening  the  wound 
with  a  probe  for  a  few  days.  Corneal  section  also 
often  instantly  relieves  the  severe  jiaiu  of  these 
cases,  and  it  has  been  strongly  advocated  for  this 
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purpose  by  Mr  Teale  and  others.  The  section 
may  sometimes  be  made  with  equally  good  effect  in 
the  lower  part  of  the  cornea  away  from  the  ulcer.  If 
the  ulcer  have  already  perforated  and  the  eye  be 
worth  saving,  iridectomy  should  be  done,  either  by 
drawing  the  prolapsed  iris  freely  through  the  per- 
foration and  cutting  it  off,  or  by  making  an  incision 
in  a  sound  part  of  the  cornea.  I  believe  that  careful 
scrai^ing  and  burning  will  do  much  to  reduce  the 
severity  of  infective  corneal  ulcers. 

Some  of  these  ulcers  are  accompanied  by  a  good 
deal  of  muco-purulent  conjunctivitis,  for  which  a  ten- 
grain  solution  of  nitrate  of  silver,  painted  inside  the 
lower  lid  with  a  brush  about  once  a  day,  niay  gene- 
rally be  used  ;  its  effect  must  be  watched,  and  its 
■employment  discontinued  if  it  increase  irritability. 

Use  of  atropine  and  eserine  in  severe  ulcers  of  the 
cornea. — Poi'merly  either  atropine,  or  belladonna 
lotion,  was  used  for  nearly  every  case  of  severe 
corneal  ulcer.  Atropine  often  relieves  pain,  prevents 
or  lessens  iritis,  and  probably  lessens  engorgement 
of  the  vessels  of  the  iris  and  cilistry  region ;  it  may 
generally  be  used,  s[)aringly,  as  an  auxiliar}^  in  sup- 
purating and  serpiginous  cases.  But  atropine  tends 
to  increase  any  existing  conjunctival  inflammation, 
and  by  narrowing  the  area  and  contracting  the 
vessels  of  the  iris,  it  probably  retards,  rather  than 
hastens,  the  absorption  of  pus  in  the  anterior 
■chamber.  During  the  last  few  years  eserine  has 
■come  into  use  for  certain  cases  which  would  formerly 
have  been  treated  chiefly  by  atropine  The  deej), 
funnel-shaped,  suppurating  ulcer  which  sometimes 
develops  from  a  marginal  pustule  (p.  105)  is  the  most 
suitable  for  treatment  by  eserine,  whether  compli- 
■cated  with  hypopyon  or  not.  Although  in  a  bad 
case  of  this  sort,  hot  fomentations  and  the  compress 
are  necessai'y,  I  have  seen  a  certain  number  of  less 
severe  ones  recover  quickly  under  eserine  alone,  used 
about  six  times  a  day  (F.  85).    Egerine  probably 
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acts  partly  by  enlarging  the  surface  of  the  iris  and 
dilating  the  ciliary  arteries,  and  thus  favouring  ab- 
sorption ;  possibly,  also,  it  acts  locally  on  the  ulce- 
rated surface.  There  is  no  clinical  j^roof  that  eserine 
lowers  tension  unless  this  were  previoiisly  increased, 
as  it  seldom  is  in  corneal  ulcers.  Esei'ine  causes  con- 
gestion of  the  deep  vessels  of  the  ciliary  region,  and 
after  a  time  increases  the  photophobia  and  irrita- 
bility of  the  eye ;  these  symptoms  usually  coincide 
with  disappearance  of  the  corneal  infiltration  and 
the  commencement  of  vascularisation  of  the  ulcer, 
and  when  this  stage  is  reached  the  eserine  should  be 
discontinued. 

The  alternate  use  of  heat  and  cold  for  short 
periods  is  recommended  in  some  obstinate  cases  of 
corneal  ulceration,  the  object  being  to  improve 
nutrition  by  causing  frequent  changes  in  the  quantity 
and  rate  of  the  blood-supply. 

Rapidly  destructive  ulceration  of  the  cornea  is 
common  in  children  dying  of  meningitis,  and  is 
probably  due  to  the  exposure  and  drying  associated 
with  the  patients'  semi-comatose  state,  but  its  occa- 
sional limitation  to  one  eye  suggests  the  thought 
that  it  may  be  in  part  directly  due  to  trophic  influ- 
ence. Dr  Barlow  tells  me  that  very  similar  ulcera- 
tion may  occur  in  the  severe  exhaustion  following- 
infantile  diarrhoea.  Ulceration  from  exposure  may 
also  occur  in  severe  cases  of  exophthalmic  goitre. 
In  all  the  above  cases,  the  ulceration  usually  takes 
place  between  the  centre  and  the  lower  edge,  the 
part  of  the  cornea  which  is  last  covered  when  the 
lids  are  closed,  and  first  exposed  when  they  are 
opened. 

Genei'al  dense  opacity  of  the  cornea  occasionally 
comes  on  with  extreme  quickness  in  infants  who  are 
recovering  from  purulent  ophthalmia.  If  it  lead  to 
destructive  ulceration,  the  term  Jcerato-malacia  is 
not  inappropriate';  the  opacity  sometimes,  however, 
clears  up  in  a  remarkable  and  very  unexpected 
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manner.  I  have  seen  two  such,  recoveries  under  the 
iise  of  eserine. 

Conical  cornea. — In  this  condition  the  central  part 
of  the  cornea  very  slowly  bulges  forward,  forming  a 
bluntly  conical  curve.  The  focal  length  of  the  affected 
part  of  the  cornea  is  thereby  shortened,  and  the  eye 
becomes  myoi^ic.  The  curvature,  however,  is  not 
uniform,  and  hence  irregular  astigmatism  compli- 
cates the  myopia  (Chap.  XX), 

The  disease,  which  is  rare,  occurs  chiefly  in  young 
adults,  especially  women,  and  is  often  associated 
with  chronic  dyspepsia  ;  its  onset  is  sometimes  dated 
from  a  severe,  exhausting  illness ;  it  appears  to  be 
due  to  defective  nutrition  of  that  part  of  the  cornea 
which  is  furthest  from  the  blood-vessels.  In  ad- 
vanced cases  the  protrusion  of  the  cornea  is  very 
evident,  whether  viewed  from  the  front  or  from  the 
side,  but  slight  degrees  are  less  easily  distinguished 
from  ordinary  myopic  astigmatism.  In  high  degrees 
the  apex  of  the  cone,  which  is  sitviated  rather  below 
the  centre  of  the  cornea,  often  becomes  nebulous. 
The  disease  may  progress  to  a  high  degree,  or  stop 
before  great  damage  has  been  done.  Concave  glasses 
alone  are  of  little  use  ;  but  they  are  sometimes  useful 
in  combination  with  a  screen  perforated  by  a  narrow 
slit  or  small  central  hole,  which  allows  the  light  to 
pass  only  through  the  centre,  or  through  some  one 
meridian,  of  the  cornea.  In  advanced  cases  an  ope- 
ration must  be  performed  which,  by  substituting  a 
contracting  cicatrix  for  the  corneal  tissue  at  or  near 
the  apex  of  the  cone,  shall  lead  to  a  diminution  of 
the  curvature  (Chap.  XXII). 

B.  Diffiise  Keratitis 

Sy])hilitic,  interstitial,  j^arenchymatous,  or  "strumous" 

keratitis 

In  this  disease  the  cornea  in  its  whole  thickness 
undergoes  a  chronic  inflammation,  which  shows  no 
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tendency  either  to  the  formation  of  pus  or  to  ulcera- 
tion. After  several  months  the  iufiammatory  pro- 
ducts are  either  wholly  or  in  great  part  absorbed, 
and  the  transparency  of  the  cornea  restored  in 
2)roportion . 

The  changes  in  the  cornea  are  usually  preceded  for 
a  few  days  by  some  ciliary  congestion  and  watering. 
Then  a  faint  cloudiness  is  seen  in  one  or  more  lai-ge 
patches,  and  the  surface,  if  carefully  looked  at,  is 
found  to  be  "  steamy  "  (p.  100).  These  nebulous  areas 
may  lie  in  any  part  of  the  cornea.  In  from  two  to 
a,bout  four  weeks  the  whole  cornea  has  usually  passed 
into  a  condition  of  white  haziness  with  steamy  sur- 
face, of  which  the  term  "  ground  glass  "  gives  the 
best  idea.  Even  now,  however,  careful  inspection, 
especially  by  focal  light,  will  show  that  the  opacity 
is  by  no  means  uniform,  that  it  shows  many  whiter 
spots,  or  large  denser  clouds,  scattered  among  the 

general  mist ;  in  very  se- 
vere cases  the  whole  cor- 
nea is  quite  opaque  and 
the  iris  hidden  ;  but,  as  a 
rule,  the  iris  and  pupil 
can  be  seen,  though  very 
imperfectly  (Fig.  60).  In 
many  cases  iritis  occurs 
and  posterior  synechiae 
are  formed.  Blood-vessels 
derived  from  branches  of 
the  ciliary  vessels  (Fig.  25)  are  often  formed  in 
the  layers  of  the  cornea  (Fig.  51)  ;  they  are  small 
but  set  thickly,  and  in  patches ;  as  they  are  covered 
by  a  certain  thickness  of  hazy  cornea,  their  bright 
scarlet  is  toned  down  to  a  dull  reddish-pink  colour 
("salmon  patch"  of  Hutchinson).  The  separate 
vessels  are  visible  only  if  magnified  (p.  57),  when 
we  see  that  the  trunks,  passing  in  from  the  border, 
divide  at  acute  angles  into  very  numerous  twigs, 
lying  close  to  each  other,  and  taking  a  nearly  straight 


Fig.  50. — Interstitial 
keratitis. 
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course  towards  the  centre  (Fig.  52).  These  salmon 
patches  when  small  are  often  crescentic,  but  if  large 


Fig.  51. — Thicljening  of  cornea  and  formation  of  vessels  in 
its  layers  in  syphilitic  keratitis.  Subconjunctival  tissue 
thickened.  x  about  10  diameters.  (Compare  with 
Fig.  36.) 


tend  to  assume  a  sector-shape. — In  another  type 
the  vascularity  begins  as  a  narrow  fringe  of  looped 


Fig.  52. — Vessels  in  Fig.  53. — Marginal  vascular 

interstitial  keratitis.  keratitis. 


vessels  which  are  continuous  with  the  loop-plexus 
of  the  corneal  margin  (Fig,  53,  compare  Fig.  25,  I), 
and  gradually  extend  from  above  ancl  below  towards 
the  centre.  The  vessels  in  these  cases  are  some- 
what more  superficial,  and  the  corneal  tissue  in 
which  they  lie  is  always  swollen  by  infiltration.  This 
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type,  which  forms  a  variety  of  "  marginal  Jceratitis" 
{compare  p.  105),  usually  occurs  in  syphilitic  subjects, 
but  I  believe  that  some  of  the  patients  are  at  the  same 
time  strumous.  A  similar  condition,  sometimes 
leading  to  secondary  glaucoma,  occurs  now  and  then 
in  elderly  people. — In  extreme  cases  of  either  type 
of  vascular  keratitis  the  vessels  cover  the  whole 
cornea,  except  a  small  central  island. 

The  degree  of  congestion  and  the  subjective 
symptoms  in  syphilitic  keratitis  vary  very  much  ;  as 
a  general  rule  there  is  but  moderate  photophobia 
and  pain,  but  when  the  ciliary  congestion  is  great 
these  symptoms  ai'e  sometimes  very  severe  and  pro- 
tracted. 

The  attack  can  be  shortened  and  its  severity  les- 
sened by  treatment ;  but  the  disease  is  always  slow, 
and  from  six  to  twelve  months  may  be  taken  as  a 
fair  average  for  its  duration  from  beginning  to  end. 
Very  bad  cases  with  excessively  dense  opacity  some- 
times continue  to  improve  for  several  years,  and 
may  recover  an  unexpected  degree  of  sight.  Perfect 
recovery  of  transparency  is  less  common,  even  in 
moderate  cases,  than  is  sometimes  supposed,  but  the 
slight  degree  of  haziness  which  so  often  remains  does 
not  much  affect  the  sight.  The  epithelium  usually 
becomes  smooth  before  the  cornea  becomes  trans- 
parent ;  but  in  severe  cases  irregularities  of  sur- 
face may  remain  and  render  the  diagnosis  difficult. 
Very  minute  vessels  (as  in  Fig.  52)  seen  by  direct 
ophthalmoscopic  examination  with  a  high  +  lens 
(p.  57),  nearly  straight,  and  branching  at  acute 
angles  with  short  abrupt  rectangular  bends  here  and 
there,  are  often  left,  and  when  found,  are  good 
evidence  of  previous  interstitial  keratitis. 

Syphilitic  keratitis  is  almost  always  symmetrical, 
though  an  interval  of  a  few  weeks  commonly  separates 
its  onset  in  the  two  eyes :  rarely  the  interval  is 
several  months,  a  year,  or  even  more.  It  generally 
occurs  between  about  the  ages  of  6  and  15  ;  some- 
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times  as  early  as  2|  or  3  years ;  in  rare  instances  it 
may  set  in  after  40 ;  many  of  tlie  very  late  cases  are 
severe  and  complicated.  If  it  occur  very  early  the 
attack  is  generally  mild.  Relapses  of  greater  or  less 
severity  are  common.  Not  only  does  iritis  occur 
■with  tolerable  frequency,  but  we  occasionally  meet 
Avitli  deep-seated  inflammation  in  tlie  ciliary  region, 
giving  rise  either  to  secondary  glaucoma,  or  to 
stretching  and  elongation  of  the  globe  in  the  ciliary 
zone,  or  to  softening  and  shrinking  of  the  eyeball.* 
Dots  of  opacity  may  sometimes  be  seen  on  the  back  \|  tTAJtyi^Wi 
of  the  cornea  at  its  lower  part,  before  the  cornea  ' 
itself  is  much  altered  (p.  121)  :  sometimes,  too,  thei<i^' 
interstitial  exudation  is  much  more  dense  at  the 
lower  part  of  the  cornea  than  elsewhere.  Syphilitic 
keratitis  in  strumous  children  often  shows  more  irri- 
tability, photophobia,  and  conjunctival  congestion, 
than  in  others  ;  but  it  is  very  seldom  that  ulceration 
occurs,  and  although  in  the  worst  cases  the  cornea 
becomes  softened  and  yellowish,  and  for  a  time  seems 
likely  to  give  way,  actual  perforation  is  one  of  the 
rarest  events.  Pannus  from  granular  disease  may 
coexist  with  syphilitic  keratitis. 

Treatment. — A  long  but  mild  course  of  mercury  is 
certainly  of  use.  It  is  customary  to  give  iodide  of 
potassium  also,  and  it  probably  has  some  influence. 
If  the  i^atients  be  very  anaemic,  and  they  often  are 
so,  iron,  or  the  syrup  of  its  iodide,  is  more  advisable 
than  iodide  of  potassium,  as  an  adjunct  to  the  mer- 
cury. Locally  it  is  well  to  use  atropine  by  routine 
until  the  disease  has  reached  its  height,  on  the 
ground  that  ii-itis  may  bo  present.  Setons  in  my 
■experience  are  seldom  of  use  ;  but  in  cases  attended 
by  severe  and  prolonged  photophobia  and  ciliary 

*  When  the  cornea  has  cleared,  ophthahnoscopic  signs  of 
past  choroiditis  (Cliap.  XII)  are  often  found  at  the  fundus.  The 
choroiditis  often  dates  much  further  back  than  tlie  keratitis, 
but  there  is  little  doubt  that  it  may  relapse,  or  occur  as  an 
accompaniment  of  the  corneal  disease.    (Chap.  XXIII.) 
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congestion  iridectomy  is  occasionally  followed  by 
rapid  improvement  ;  this  operation,  however,  is. 
seldom  needed  or  justifiable  unless  there  be  decided 
glaucomatous  symptoms.  When  all  inflammatory 
symptoms  have  subsided,  the  local  use  of  yelloAV 
ointinont  or  calomel  (F.  11  and  12),  apjjears  to  aid 
the  absorption  of  the  i-esidual  opacity. 

Tlie  form  of  keratitis  above  described  is  caused  by 
inJierited  syphilis.  In  rare  cases  it  has  been  seen  as. 
the  result  of  secondary  acquired  syphilis.  Other 
cases  of  diffuse  keratitis  occur  in  which  syphilis  has 
no  share,  but  they  ai'e  seldom  symmetrical,  nor  do- 
they  occur  early  in  life.  That  diffuse,  chronic  kera- 
titis, affecting  both  eyes  of  children  and  adolescents, 
is,  when  well  characterised,  almost  invariably  the- 
result  of  hereditary  syphilis,  is  proved  by  abundant 
evidence.  A  large  proportion  of  its  subjects  show 
some  of  the  other  signs  of  hereditary  syphilis  in  the 
teeth,  skin,  ears  (deafness),  physiognomy,  mouth,  oi* 
bones.  When  the  patients  themselves  show  no  such 
signs  a  history  of  infantile  syi^hilis  in  the  patient  or 
in  some  brothers  and  sisters,  or  of  acquii-ed  syphilis 
in  one  or  other  pai'ent,  may  often  be  obtained.* 
That  this  keratitis  stands  in  no  causal  relation  to 
struma  is  clear,  because  the  ordinary  signs  of  struma 
are  not  found  ofteiier  in  its  victims  than  in  other 
children,  because  jjersous  who  are  decidedly  stru- 
mous do  not  suffer  from  this  keratitis  more  often 
than  others,  and  because  the  forms  of  eye  disease 
which  ai'e  universally  recognised  as  "  strumous  "■ 
(ophthalmia  tarsi,  phlyctenular  disease, and  relapsing 
ulcers  of  cornea)  very  seldom  accompany  this  diffuse 
keratitis.  (Illustrations  of  the  teeth  in  inherited 
syphilis  are  given  in  Fig.  164,  Chap.  XXIII.) 

*  I  have  found  other  personal  evidence  of  inherited  syphilis 
in  54  per  cent,  of  my  cases  of  interstitial  keratitis,  and  evidence 
from  the  family  history  in  14 per  cent,  more;  total  68  per  cent.  ; 
and  in  most  of  the  remaining  32  per  cent,  there  have  heeu 
strong  reasons  to  suspect  it. 


VII. 


DISEASES  OF  THE  CORNEA 


121 


Other  forms  of  Keratitis 

Inflaiximation  of  tlie  cornea  forms  a  more  or  less 
conspicuous  feature  in  several  diseases  "vvhere  the 
primary,  or  the  princii^al,  seat  of  mischief  lies  in 
another  part  of  the  eye.  It  is  impoi'tant  for  pur- 
poses of  diagnosis  to  compare  these  secondarij  or 
complicating  forms  of  keratitis  with  the  primary 
diseases  of  the  cornea  already  described. 

In  iritis  the  lower  half  of  the  cornea  often  becomes 
steamy,  and  more  or  less  hazy.  In  some  eases  a 
number  of  small,  separate,  opaque  dots  are  seen  on 
the  j)Osterior  elastic  lamina  (Descemet's  membrane), 
often  so  minute  as  to  need  magnifying  (pp.  40  and 
57).  These  dots  are  sharply  defined,  the  large  ones 
looking  very  like  minute  drops  of  cold  gravy -fat,  the 
smallest  like  grains  of  grey  sand ;  in  cases  of  long 
sta,nding  they  may  be  either  very  white  or  highly 
pigmented.  They  are  generally  arranged  in  a 
ti'iangle,  with  its  apex  to- 
wards the  centre  and  its 
base  at  the  lower  margin 
of  the  cornea,  the  smallest 
dots  being  near  the  centre 
(Fig.  54) ;  but  in  some 
cases  (sympathetic  oph- 
thalmitis especially)  the 
dots  are  scattered  over  the 
whole  cornea.  They  are  of 
course  difficult  to  detect 
in  proportion  as  the  corneal  tissue  itself  is  hazy. 

The  term  keratitis  punctata  is  used  to  express  this 
accumulation  of  dots  on  the  back  of  the  cornea  ;  and 
by  some  authors  is  allowed  to  include  also  allied 
cases  in  which  small  spots  with  hazy  outlines  are  seen 
in  the  cornea  proper.  Keratitis  punctata  is,  almost 
without  exception,  secondary  to  some  disease  of  the 
cornea,  iris,  or  choroid  and  vitreous.  But  a  few  cases 
are  seen,  chiefly  in  young  adults,  where  the  corneal 


Fig.  54. — Keratitis  punc- 
tata. (From  a  sketch  by 
Dr.  Herringham.) 
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dots  form  the  principal,  if  not  the  sole,  visible  change; 
the  number  of  such  cases  diminishes,  however,  in 
proportion  to  the  care  Avith  which  other  lesions  are 
souf^ht  (p.  141). 

It  is  now  and  then  difficult  to  say,  in  a  mixed  case, 
whether  the  iritis  or  keratitis  have  been  the  initial 
change  ;  but  when  this  doubt  arises  the  cornea  has 
generally  been  the  starting-jioint  ;  and  with  care  we 
are  seldom  at  a  loss  to  decide  whether  the  case  be 
one  of  syphilitic  keratitis  with  iritis,  of  sclerotitis 
with  corneal  mischief  and  iritis,  or  of  primary  iritis 
with  secondary  haze  of  cornea.  (See  Chaps.  VIII 
and  IX.) 

Slight  loss  of  transparency  of  the  cornea  occurs  in 
most  cases  of  glancoma.  The  earliest  change  is  a 
line,  uniform  steaminess  of  the  epithelium.  In  very 
severe,  acute  cases,  the  coi-nea  becomes  hazy  through- 
out, though  not  in  a  high  degree.  The  same  haze 
occui's  iu  chronic  cases  of  long  standing  with  great 
increase  of  tension,  but  the  epithelial  "  steaminess  " 
often  then  gives  place  to  a  coarser  "pitting,"  with 
little  depressions  and  elevations  (vesicles),  especially 
on  the  part  which  is  uncovered  by  the  lids. 

In  BupMhahnos  (HydrophtJw.lmos)  the  corneal 
changes  are  often  very  conspicuous,  although  not 
essential.  In  this  rare  and  very  peculiar  malady 
there  is  a  general  and  slowly  jjrogressive  enlarge- 
ment of  cornea,  anterior  part  of  sclerotic,  and  iris, 
together  with  extreme  deepening  of  the  anterior 
chamber  and  slight  increase  of  tension.  The  cornea 
often  becomes  hazy  or  semi-opaque.  The  disease, 
which  may  perhaps  be  looked  upon  as  a  congenital  or 
infantile  form  of  glaucoma,  is  either  present  at  birth 
or  comes  on  in  early  infancy,  and  usuall}'^  causes 
blindness.  Operative  treatment  generally  fails,  but 
eserine  is  said  to  be  useful.    (See  Glaucoma.) 

A  I'ai'e  but  peculiar  form  of  corneal  disease,  gene- 
rally seen  in  elderly  persons,  is  the  transverse  calca- 
reous film,  forming  an  oval  patch  of  light  grey  opacity. 
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Fig.  55. — Arcus  senilis.  (From 
a  sketch  by  Dr.  Herringham.) 


wliicli  ruus  almost  liorizontally  across  tlie  cornea. 
It  lies  beneath  the  epithelium  and  consists  of  minute 
crystalline  granules,  chiefly  calcareous. 

"^Arctis  senilis  is  caused  by  fatty  degeneration  of 
the  corneal  tissue  just  within  its  margin  (Fig.  55). 
It  first  appears  beneath 
the  upper  lid,  next  be- 
neath the  lower,  thus 
forming  two  narrow, 
white,  or  yellowish  cres- 
cents, the  horns  of  which 
finally  meet  at  the  sides 
of  the  cornea ;  it  always 
begins,  and  remains  most 
intense,  on  a  line  slightly 
within  the  sclero-corneal 
junction,  and  the  degeneration  is  most  marked  in 
the  superficial  layers  of  the  cornea,  beneath  the 
anterior  elastic  lamina ;  in  other  words,  the  change 
is  greatest  at  the  part  most  influenced  by  the  mar- 
ginal blood-vessels.  Arcus,  though  seldom  seen 
except  in  senile  persons,  is  not  found  to  interfere 
with  the  union  of  a  wound  carried  through  it,  though 
the  tissue  of  the  arcus  is  often  very  tough  and  hard. 

Less  regular  forms  of  arcus  are  seen  as  the  result 
of  prolonged  or  relapsing  inflammations  near  the 
cox'neal  border,  Avhether  ulcerative  or  not.  It  is 
generally  easy  to  distinguish  such  an  arcus,  because 
the  opacity  is  denser,  and  more  patchy,  and  its  out- 
lines less  regular  than  in  the  primary  form ;  when 
arcus  is  seen  unusually  early  in  life  it  is  generally  of 
this  inflammatory  kind,  for  simple  arcus  is  rare  below 
forty. 

Opacity  of  a  very  characteristic  kind  is  likely 
to  follow  the  use  of  a  lotion  containing  lead  when 
the  surface  of  the  cornea  is  abraded.  An  insoluble, 
densely  opaque,  very  white  film  of  lead  salts  is  pre- 
cipitated on,  and  adheres  very  firmly  to,  the  ulcerated 
.surface ;  the  spot  is  sharply  defined,  and  looks  like 
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white  paint.  If  precipitated  on  a  deep  aud  much 
inflamed  ulcer,  the  hiyer  of  tissue  to  which  the  film 
adheres  is  often  thrown  off',  but  when  there  is  only  a 
superficial  abrasion  or  ulcer,  the  lead  adheres  very 
firmly,  and  can  only  be  scraped  off  imperfectly.  But 
even  in  the  latter  cases  the  film  is  probably  after  a  time 
thrown  off  or  worn  oft',  if  we  may  judge  by  the  fact 
that  nearly  all  the  lead  opacities  which  come  under 
notice  are  comparatively  new.  The  practical  lesson 
is  never  to  use  a  lead  lotion  for  the  eye  when  there 
is  any  suspicion  that  the  corneal  suiface  is  broken. 

The  prolonged  use  of  nitrate  of  silver,  whether  in 
a  weak  or  strong  form,  is  sometimes  followed  by  a 
dull,  brownish-green,  permanent  discoloration  of  the 
conjunctiva,  and  even  the  cornea  may  become  slightly 
stained. 
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CHAPTER  VIII 

DISEASES  OF  THE  IRIS 

Iritis 

Inflammation  of  the  iris  may  be  caused  by  certain 
specific  blood  diseases,  especially  syjiliilis  ;  or  may  be 
the  expression  of  a  tendency  to  relapses  of  inflamma- 
tion in  certain  tissues  under  the  influence  largely  of 
climate  and  weather — rheumatic  iritis ;  it  often  occurs 
in  the  course  of  ulcers,  and  of  wounds  and  other  in- 
juries, of  the  cornea  ;  also  with  diffuse  keratitis  and 
sclerotitis.  Iritis  also  forms  a  very  important  part 
of  the  remarkable  and  serious  disease  known  as 
sympathetic  oj^hthalmitis. 

Acute  iritis,  whatever  its  cause,  is  shown  by  a 
change  in  the  colour  of  the  iris,  indistinctness  or 
"  muddiness  "  of  its  texture,  diminution  of  its  mo- 
bility, and  the  formation  of  adhesions  {iwsterior 
sj/nechias)  between  its  posterior  (uveal)  surface  and 
the  capsule  of  the  lens  ;  there  is,  besides,  in  most 
cases,  a  duluess  of  the  whole  iris  and  pupil,  caused 
by  muddiness  of  the  aqueous  humour,  and  partly  also 
by  slight  corneal  changes  (p.  121).  The  eyeball  is 
<;ongested  and  sight  usually  dimmed.  There  may, 
or  may  not  be  pain,  photophobia,  and  lacrimation. 

The  congestion  is  often  almost  confined  to  a  zone, 
about  one  twelfth  or  one  eighth  of  an  inch  wide, 
which  surrounds  the  cornea,  its  colour  pink  (not  raw 
red),  the  vessels  small,  radiating,  nearly  straight, 
and  lying  beneath  the  conjunctiva  {ciliary  orcircum- 
rorneal  congestion,  Fig.  28).  These  are  the  episcleral 
branches  of  the  anterior  ciliary  arteries  (Fig.  25). 
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Quite  tlie  same  congestion  is  seen  in  many  other 
conditions,  e.g.  corneal  ulceration  (p.  99);  whilst  ou 
the  other  hand,  in  some  cases  of  iritis,  the  superficial 
(conjunctival)  vessels  are  engorged  also,  especially 
in  their  anterior  divisions,  which  are  chiefly  offshoots 
of  the  ciliary  system.  We  therefore  never  diagnose 
iritis  from  the  character  of  the  congestion  alone;  but 
the  disease  being  proved  by  the  other  symptoms, 
the  kind  and  degree  of  congestion  help  us  to  judge  of 
its  severity. 

The  altered  colour  of  the  iris  is  due  to  its  congestion, 
and  the  effusion  of  lymph  and  serum  into  its  sub- 
stance ;  a  blue  or  grey  iris  becomes  greenish,  a  brown 
one  is  but  little  changed.    The  inflammatory  swelling 
of  the  iris  also  accounts  both  for  the  blurring  (muddi- 
ness)  of  its  beautifully  reticulated  structure,  and  for 
the  sluggishness  of  movement,  noticed  jn  the  early 
period.    Lymph  is  soon  thrown  out  at  one  or  more 
spots  on  its  posterior  sxirface,  and  still  further 
baihpers  its  movements  by  adhering  to  the  lens- 
capsule  ;  and  most  cases  do  not  come  under  notice 
till  such  synechise  have  formed.    The  quantity  of 
solid  exudation,  whether  on  the  hinder  surface,  or 
into  the  structure,  of  the  iris,  varies  much ;  it  is 
usually  greatest  in  syiDhilitic  iritis,  when  distinct 
nodules  of  pink,  or  yellowish,  colour,  ai'e  sometimes 
seen  projecting  from  the  front  surface,  generally  close 
to  the  pupil.    In  rare  cases  pus  thrown  off  by  the 
iris  into  the  aqueous,  subsides  and  forms  hypopyon ; 
a  corresponding  deposit  of  blood  constitutes  hyphsema. 
Firm  adhesions  to  the  lens-capsule  may  be  jjresent 
without  much  evidence  of  exudation  into  the  struc- 
ture of  the  iris.    Exudative  changes  are  usually 
most  abundant  at  the  inner  ring  of  the  iris,  where 
its  capillary  vessels  are  far  the  most  numerous  (Fig. 
66). 

Apparent  discoloration  of  the  iris  is,  however, 
often  due  entirely  to  suspension  of  blood-corpuscles, 
or  inflammatory  products,  in  the  aqueous  humour ; 


VIII. 


IRITIS 


127 


sometimes  this  altered  fluid  coagulates  into  a  sliglitly 
turbid  gelatinous  mass,  which  almost  fills  the  chamber 
("spongy  exudation").  The  aqueous  sometimes 
becomes  yellow  without  losing  transparency. 


Fig.  56. — Vessels  of  human  iris  artificially  injected ;  capillaries 
most  numerous  at  pupillary  border,  and  next  at  ciliary 
border. 

The  tension  of  the  eyeball,  usually  unaltered  in 
acute  iritis,  may  be  a  little  increased  ;  rarely  it  is  con- 
siderably diminished,  and  in  such  cases  there  are 
generally  other  peculiarities. 

The  condition  of  the  pupil  alone  is  diagnostic  in 
all  except  very  mild  or  incipient  cases  of  iritis.  It 
is  sluggish  or  motionless,  and  not  quite  round ;  it 
is  also  rather  smaller  than  its  fellow  (supposing  the 
iritis  to  be  one-sided),  because  the  surface  of  the  iris 
is  increased  (and  the  pupil,  therefore,  encroached  on) 
whenever  its  vessels  are  distended  (p.  27).  Atro- 
pine causes  it  to  dilate  between  the  synechise ;  the 
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synecbifE,  being  fixed,  appear  as  angular  projections 
when  the  iris  on  each  side  of  them  has  retracted.  If 
there  be  only  one  adhesion  it  will  merely  notch  the 
pupil  at  one  spot ;  if  the  adhesions  be  numerous  the 
jmpil  will  be  creuated  or  irregular  (Fig.  57).  If  the 
whole  pupillary  ring,  or  still  more,  if  the  entire 
]iosterior  surface  of  the  iris  be  adherent,  scarcely  any 
dilatation  will  be  cft'ected ;  the  former  condition  is 
called  annular  or  circular  synechise,  and  its  result  is 
^'  exclusion  "  of  the  ;pupil ;  the  latter  is  known  as  total 


'posterior  synechia.  If  the  synechias  be  new  and  the 
lymph  soft  the  repeated  use  of  atropine  will  break 
them  down,  and  the  pupil  become  round  ;  but  even 
then  some  of  the  uveal  pigment,  which  is  easily 
separable  from  the  posterior  surface  of  the  iris, 
•often  remains  behind,  glued  to  the  lens-capsule  by  a 
little  lymph  (Fig.  58).  The  presence  of  one  or  more 
such  spots  of  brown  i^igment  on  the  caj^sule  is  always 
conclusive  proof  of  present,  or  of  past,  iritis.  The 
pupillary  area  itself  in  severe  iritis  is  often  filled  by 
greyish  or  yellowish  lymph,  which  spreads  over  it 
from  the  iris  ;  if  such  exudation  become  organised, 
a,  dense  Avhite  membrane  or  a  delicate  film  (often, 
however,  presenting  one  or  more  little  clear  holes),  is 
formed  over  the  pupil  {"occlusion''  of  the  jjupil). 
The  iris  may  be  inflamed  without  any  lymph  being 
effused  from  its  hinder  surface,  and  then  the  pupil, 


FlQ.  57. — Iritic  adhesions  (poste- 
rior synecliia})  causiiif^  irregu- 
larity of  pupil.  (Weckcr  and 
Jaeger.) 


Fig.  58. — Spots  of  pig- 
ment and  lymph  at 
seat  of  former  iritic 
adhesions. 
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1:]iou<?li  sluggisli,  acting  imperfectly  to  atropine,  and 
never  dilating  widely,  will  present  no  posterior 
syuecliite  nor  any  adhesion  of  pigment  spots  to  tbe 
lens,  but  it  will  always  be  discoloured  (serous  iritis)  ; 
iritis  of  this  kind  often  occurs  with  ulceration  of  the 
•cornea,  and  as  a  complication  of  deejjer  inflammations 
(p.  141). 

Pain  referred  to  the  eyeball  and  to  the  parts  sup- 
plied by  the  first,  and  sometimes  by  the  second  divi- 
sion of  the  fifth  nerve,  is  common  with  iritis,  especially 
in  the  early  period.  It  is,  howevei-,  a  very  variable 
symptom,  and  gives  no  clue  to  the  amount  of  struc- 
tural change,  being  sometimes  quite  insignificant 
W'hen  much  lymph  is  thrown  out.  The  pain  is  seldom 
constant,  but  comes  on  at  intervals,  is  often  worst  at 
night,  and  is  described  as  shooting,  throbbing,  or 
aching.  It  is  commonly  referred  to  the  teuij^le  or 
forehead,  as  well  as  to  the  eyeball ;  sometimes  also 
"to  the  side  of  the  nose  and  to  the  upper  teeth. 
Photophobia  and  watering  are  generally  proportionate 
to  the  pain. 

The  duration  of  acute  iritis  varies  from  a  few  days 
when  mild,  to  many  weeks  when  severe.  The  defect 
of  sight  is  proportionate  to  the  haziness  of  the  cornea, 
aqueous,  and  pupillary  space,  but  in  some  cases  is  in- 
creased by  changes  in  the  vitreous.  Iritis  sometimes 
sets  in  very  gradually,  causing  no  marked  congestion 
or  pain,  but  slowly  giving  rise  to  the  formation  of 
tough  adhesions,  and  often  to  the  growth  of  a  thin 
membrane  over  the  pupillary  area ;  in  some  of  these 
cases  the  iris  becomes  thickened  and  tough,  and  its 
large  vessels  undergo  much  dilatation,  whilst  in 
others  keratitis  punctata  occurs.  (See  Cyclitis,p.  141; 
Diseases  of  Cornea,  p.  121  ;  and  Sympathetic  Oph- 
thalmitis, p.  146.) 

Permanent  results  of  iritis. — Reference  has  been 
made  to  the  adhesions,  which  are  often  permanent, 
and  to  the  spots  of  uveal  pigment  on  the  lens-capsule, 
which  are  always  so  ;  either  condition  tells  a  tale  of 
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past  iritis,  and  is  thus  a  valuable  aid  to  diagnosis. 
A  blue  iris  which  has  undergone  severe  inflammation 
may  remain  greenish.  Patches  of  atroj^hy  may 
follow  severe  plastic  exudations  into  the  iris,  and  are 
i-ecognised  by  their  whitish  colour 
and  thinness.  Large  patches  of  new 
pigment  occasionally  form,  extend- 
ing from  the  pupillary  border  on 
to  the  anterior  surface. 

When  the  pupil  is  "excluded" 
or  "  occluded,"  the  remainder  of 
the  iris  being  free,  fluid  collects  in 
the  posterior  aqueous  chamber,  and 
by  bulging  the  iris  forwards,  and 
diminishing  the  depth  of  the  an- 
terior chamber,  except  at  its  centre, 
gives  the  jmpil  a  funnel-like  ap- 
pearance ;  if  the  bulging  be  partial, 
or  be  divided  by  bands  of  tough 
membrane,  the  iris  looks  cystic. 
Secondary  glaucoma  is  likely  to 
follow,  and  the  tension  of  the  globe 
should,  therefore,  be  carefully  noted 
Avhenever  bulging  is  j^resent ;  in  not 
a  few  of  these  cases,  however,  we 
find  the  eye  soft  and  beginning  to  shrink,  the  sequel, 
perhaps,  of  a  glaucomatous  state.  "  Total  posterior 
synechia"  always  shows  a  severe,  though  often  a 
chronic,  iritis  ;  it  is  often  accompanied  by  deep-seated 
disease,  and  followed  by  opacity  of  the  lens  (se- 
condary cataract),  and  in  some  cases  ultimately  the 
lens  becomes  absorbed.  Relapses  of  iritis  ai-e  be- 
lieved to  be  induced  by  the  presence  of  synechiae, 
even  when  there  is  no  protrusion  of  the  iris  by  fluid  ; 
but  their  influence  in  this  direction  has,  I  believe, 
been  much  overrated. 

It  must,  however,  be  observed  that  there  is  still  inuch  differ- 
ence of  opinion  on  the  point  last  referred  to.  The  iritis  of 
syphilis  is  still  held   by  sonic  to  be  liable  to  I'cciU',  and  to 


Fig.  59.  —  Dia- 
gram to  show 
the  result,  upon 
the  iris,  of  ex- 
clusion of  pupil 
(p.  128).  (From 
a  specimen.) 
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be  by  no  means  limited  to  tbe  secondary  stage ;  and  we  still 
often  bear  it  stated  tbat  iritic  adhesions,  by  preventing  free 
movement  of  tbe  iris,  operate  as  sources  of  irritation,  and  tbus 
predispose  to  relapse.  I  have  seldom  succeeded  in  getting  a 
liistory  of  recent  sypbilis  in  cases  of  recurriug  iritis,  whilst 
ill  a  number  of  eases  of  old  iritis  with  tbe  bistory  tbat  tbe 
attack  occurred  during  secondary  sypbilis  years  before,  I  bave 
scarcely  found  one  witli  well-marked  bistory  of  relapses.  On 
tbe  other  band,  I  bave  several  times  seen  severe  relapses  in 
rheumatic  cases  after  iridectomy  bad  been  performed  as  a  pre- 
ventive. All  tbe  evidence  seems  to  me  to  favour  the  view  that 
recurrences  of  iritis  depend,  as  a  rule,  upon  the  constitutional 
cause  of  the  disease. 

The  following  are  the  most  important  points  as  to 
tlie  causes  of  iritis,  and  the  chief  clinical  differences 
between  the  several  forms. 

Constitutional  causes.  —  Syj^Mlis.  —  The  iritis  is 
acute ;  it  shows  a  great  tendency  to  effusion  of 
lymjjh  and  formation  of  vascular  nodules  (plastic 
iritis),  and  the  nodules,  wlien  very  large,  may  even 
suppurate  ;  it  is  symmetrical  in  a  large  proportion, 
probably  at  least  two  thirds,  of  the  cases.  But 
asymmetry  and  absence  of  lymph-nodules,  are  com- 
mon. It  occurs  only  in  secondaiy  syphilis  (either 
acquired  or  inherited),  and  seldom  relapses.  Its 
significance  is  thus  entirely  different  from  that  of 
the  iritis  which  often  complicates  syphilitic  keratitis 
(p.  116). 

Rheumatism  is  the  cause  of  most  cases  of  relapsing 
unsymmetrical  iritis  ;  there  is  but  little  tendency  to 
effusion  of  lymph,  and  nodules  are  never  formed,  but 
there  is  occasionally  fluid  hypopyon  (p2>.108  and  126); 
the  congestion  and  pain  are  often  more  severe  than 
in  syphilitic  iritis.  An  attack  is  usually  unsymme- 
ti-ical,  though  both  eyes  commonly  suffer  by  turns. 
It  relapses  at  intervals  of  months  or  years.  Even 
repeated  attacks  sometimes  result  in  but  little 
damage  to  sight.  Gout  is  apparently  a  cause  of 
some  cases  of  both  acute  and  insidious  chronic  iritis. 
It  is  perhaps  doubtful  whether  the  gout  or  the 
chronic  rheumatism  from  which  the  same  patients 
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sometimes  suffer  is  the  cause  of  the  iritis.  In  its 
tendency  to  relapse,  and  to  affect  only  one  eye  at  a 
time,  gouty  resembles  rheumatic  iritis.  The  children 
of  gouty  parents  are  occasionally  liable  to  a  very 
insidious  and  destructive  form  of  chi-onic  iritis,  with 
disease  of  the  vitreous,  keratitis  punctata,  and  glau- 
coma (p.  142  and  Chap.  XXIII). 

Chronic  iritis  (plastic  irido-clioroiditis)  {see  also  p. 
141). — In  a  few  cases  symmetrical  iritis,  of  a  chronic, 
progressive,  and  destructive  character,  is  compli- 
cated Avith  choroiditis,  disease  of  vitreous,  and 
secondary  cataract.  These  cases,  for  which  it  is  at 
present  impossible  to  assign  any  cause,  either  general 
or  local,  are  chiefly  seen  in  adults  below  middle  life. 

Si/mpathetic  iritis. — See  Sympathetic  Ophthalmitis. 

Local  causes. — Injuries. — Perforating  Avounds  of 
the  eyeball,  particularly  if  irregular,  contused,  and 
complicated  with  wound  of  the  lens,  are  often  fol- 
lowed by  iritis,  and  more  often  if  the  patient  l>e  old 
than  young.  If  the  corneal  wound  suppurate,  or 
become  much  infiltrated,  the  iritis  is  likely  to  be 
suppurative,  and  the  inflammation  to  spread  to  the 
ciliary  processes  and  cause  destructive  jDanophthal- 
mitis.  Iritis  may  follow  a  wound  of  the  lens -capsule 
without  wound  of  the  iris,  and  with  only  a  mere 
puncture  of  the  cornea.  Examples  of  traumatic  iritis 
from  these  several  causes  are  seen  after  the  various 
operations  for  cataract.  The  iritis  (or  more  correctly 
irido-capsulitis)  following  extraction  of  senile  cataract 
is  often  jDrolonged,  attended  by  chemosis,  much  con- 
gestion, and  the  formation  of  tough  membrane 
behind  the  iris  (see  "Cataract"). — Iritis  may  also 
follow  superficial  wounds  and  abrasions  of  the  cornea, 
or  direct  blows  on  the  eye ;  but  it  is  of  great  im- 
portance, whenever  the  question  of  injury  comes  in, 
to  ascertain  whether  or  not  there  has  been  a  perfo- 
rating wound.  Iritis  often  accompanies  ulcers  and 
other  inflammations  of  the  cornea,  especially  when 
deep,  or  complicated  with  hypopyon,  or  occurring  in 
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elderly  persons.  Iritis  may  accompany  deep-seated 
disease  of  the  eye. 

Treatment. — (1.)  In  every  case  where  iritis  is  pre- 
sent atroi^ine  is  to  be  used  often  and  continuously, 
in  order  to  break  down  adhesions  already  formed, 
and  to  allow  any  lymph  subsequently  effused  to  be 
deposited  outside  the  ordinary  area  of  the  pupil. 
A  strong  solution  (four  grains  of  sulphate  of  atro- 
pine to  one  ounce  of  distilled  water)  is  to  be  dropped 
into  the  conjunctival  sac  eveiy  hour  in  the  early 
period.  Even  if  the  synechiae  are,  when  first  seen, 
already  so  tough  that  the  atropine  has  no  effect  on 
them,  it  may  prevent  the  formation  of  new  ones  on 
the  same  circle.  Atropine  also  greatly  relieves  pain 
in  iritis,  and  lessens  the  congestion,  and  through 
these  means  it  no  doubt  helps  materially  to  arrest 
exudation.  Mild  acute  iritis  may  sometimes  be 
cured  by  atropine  alone. 

(2.)  If  there  be  severe  pain  with  much  congestion, 
tliree  or  four  leeches  should  be  applied  to  the 
temple,  to  the  malar  eminence,  or  to  the  side  of  the 
nose.  They  may  be  repeated  daily,  in  the  same  or 
smaller  numbers,  with  advantage  for  several  days,  if 
necessary  ;  or  after  one  leeching,  re^^eated  blistering 
may  be  substituted.  Some  surgeons  use  opiates 
instead  of,  or  in  addition  to,  leeches.  Leeches  occa- 
sionally increase  the  pain.  Severe  pain  in  iritis  can 
nearly  always  be  quickly  relieved  by  artificial  heat, 
either  fomentations  or  dry  heat,  as  hot  as  can  be 
borne,  to  the  eyelids.  To  apply  dry  heat,  take  a 
piece  of  cotton  wool  the  size  of  two  fists,  hold  it  to 
the  fire,  or  against  a  tin  pot  full  of  boiling  water, 
till  quite  hot,  and  apply  it  to  the  lids ;  have  another 
piece  ready,  and  change  as  soon  as  the  first  gets 
cool ;  continue  this  for  twenty  minutes  or  more,  and 
repeat  it  several  times  a  day.*  Paracentesis  of  the 
anterior  chamber  should  be  resorted  to  m  severe 

*  I  owe  my  knowledge  of  the  value  of  dry  heat  to  Mr 
Liebreicli. 
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iritis  if  the  aqueous  humour  remain  very  turbid  after 
a  few  days  of  other  treatment ;  it  may  be  repeated 
every  day  or  two  unless  there  is  marked  improve- 
ment. 

(3.)  Eest  of  the  eyes  is  very  important.  Many  an 
attack  is  lengthened  out,  and  many  a  relapse  after 
partial  cure  is  brought  on,  by  the  i^atient  continuing 
at,  or  returning  too  soon  to,  work.  It  is  not  in  most 
cases  necessary  to  remain  in  a  perfectly  dark  room  ; 
to  wear  a  shade  in  the  room  with  the  blinds  down 
is  generally  enough,  provided  that  no  attempt  be 
made  to  use  the  eyes.  Work  should  not  be  re- 
sumed till  at  least  a  week  after  all  congestion  has 
gone  off. 

(4.)  Cold  draughts  of  air  on  the  eye  and  all  causes 
of  "  catching  cold  "  are  to  be  very  carefully  avoided 
by  keeping  the  eye  warmly  tied  up  with  a  large  jiad 
of  cotton  wool. 

(5.)  The  cause  of  the  disease  is  to  be  treated,  and 
into  this  careful  inquiry  should  always  be  made.  If 
the  iritis  be  syphilitic,  treatment  for  secondary  sy- 
philis is  proper,  mercury  being  given  just  short  of 
salivation  for  several  months,  even  though  all  the 
active  eye  symptoms  quickly  pass  off.  The  rheu- 
matic and  gouty  varieties  are  less  definitely  under 
the  influence  of  internal  remedies ;  iodide  of  potas- 
sium, alkalies,  colchicum,  salicylate  of  soda,  and 
turpentine,  each  have  their  advocates  ;  when  the  pain 
is  severe  tincture  of  aconite  is  sometimes  markedly 
useful ;  mercury  is  seldom  needed,  but  in  protracted 
and  severe  cases  it  may  be  given  with  advantage.  It 
is  sometimes  advisable  to  combine  quinine  ,  or  iron 
with  the  mercury  in  syphilis,  or  to  give  them  in  addi- 
tion to  other  remedies  in  rheumatic  cases. 

(6.)  As  a  rule  no  stimulants  are  to  be  allowed, 
and  the  bowels  should  be  kept  well  open. 

(7.)  Iridectomy  is  needed  for  cases  of  severe  iritis, 
even  when  there  is  no  increase  of  tension,  if  judicious 
local  and  internal  treatment  have  been  cai:efully 
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tried  for  some  weeks  without  marked  relief  to  the 
symptoms.  It  is  chiefly  in  cases  of  constitutional 
origin,  either  syphilitic  or  rheumatic,  and  in  the 
iritis  accompanying  ulcers  of  the  cornea,  that  iridec- 
tomy is  useful ;  it  is  not  admissible  in  sympathetic 
iritis,  nor  in  iritis  after  cataract  extraction.  Iridec- 
tomy has  been  largely  employed  to  prevent  relapses 
of  iritis,  but  the  operation  has  muck  less  effect  in 
this  way  than  has  often  been  sujDposed  ;  it  should 
Bot,  therefore,  be  employed  until  the  other  means  of 
cure  have  been  fairly  tried.  It  must  be  borne  in 
mind,  that  unless  iridectomy  is  necessary,  it  is  injur- 
ious, by  producing  an  enlarged  and  irregular  pupil 
thi-ough  which,  for  optical  reasons  (p.  5),  the  imtient 
will  often  not  see  so  well  as  through  the  natural 
j^upil,  even  though  this  be  partially  obstructed.  In 
regard  to  all  methods  of  local  treatment  we  must 
bear  in  mind  that  acute  iritis  occurs  in  all  degrees 
of  severity,  and  that  the  mildest  cases  often  need 
only  atropine  and  rest. 

Traumatic  iritis,  in  the  earliest  stage,  is  best  com- 
bated by  atropine,  continuous  cold  obtained  by  lay- 
ing upon  the  closed  eyelids  pieces  of  lint  wetted  in 
iced  water  and  changed  evei'y  few  minutes,  and  by 
leeches.  Cold  is  not  to  be  used  in  any  other  form  of 
iritis,  and  is  useless  even  for  traumatic  cases  after  the 
first  day  or  so  ;  later,  wanuth  is  more  appropriate. 

Concjenital  irideremia  (absence  of  iris)  is  occasion- 
ally seen,  and  is  often  associated  with  other  defects 
of  the  eye,  especially  opacities  in  the  lens. 

Colohoma  of  the  iris  (congenital  developmental 
cleft  in  the  iris)  gives  the  effect  of  a  very  regularly 
made  iridectomy.  It  is  always  downwards  or  slightly 
down-in,  and  is  often,  but  not  always,  symmetrical. 
It  occurs  in  different  degrees,  and  sometimes  a  mere 
line  or  seam  in  the  iris  indicates  the  slightest  form 
of  the  defect.  It  often  occurs  without  coloboma  of 
the  choi'oid. 

Pupillary  and  capsido-pupillary  membranes. — In 
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early  foetal  life,  the  cai^sule  of  the  lens  is  vascular, 
supplied  with  blood  by  the  hyaloid  artery  ;  when  the 
iris  grows  in  from  the  anterior  pai"t  of  the  choroid, 
and  comes  into  contact  with  the  capsule,  its  vessels 
anastomose  with  those  of  the  capsule,  and  the  mem- 
brane so  formed  fills  the  pupil.      Normally  this 
membrane  disappears  entirely  with  the  vessels  of 
the  lens  capsule  ;  sometimes  the  part  attached  to 
the  capsule  only  disappears,  leaving  behind  the 
anterior  part  of  the  structure,  which  is  known  as  the 
pupillaiy  membrane.    In  this,  bands  of  tissue,  re- 
sembling that  of  the  iris,  run  from  one  part  of  the 
anterior  surface  of  the  iris  to  another,  springing- 
from  near  the  pupillary  edge.    Sometimes  the  whole 
thickness  of  the  membrane  remains,  in  which  case- 
bands  of  tissue  pass  from  the  anterior  surface  of 
the  iris  to  the  capsule  ;  this  fomns  the  capsulo-pupil- 
lary  membrane.    Some  of  the  latter  cases  have  pro- 
bably been  described  as  the  remains  of  intra-uterine- 
iritis. 
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CHAPTEE  IX 

DISEASES  OF  THE   CILIARY  REGION 

This  chapter  is  intended  to  include  cases  in  which 
the  ciliary  body  itself,  or  the  corresponding  part  of 
the  sclerotic,  or  the  episcleral  tissue,  is  the  sole  seat, 
or  at  least  jthe  headquarters,  of  disease.  From 
the  abimdance  of  vessels  and  nerves  in  the  ciliary 
body,  and  the  importance  of  its  nutritive  relations  to 
the  surrounding  parts,  we  find  that  many  of  the 
morbid  processes  of  the  ciliary  region  show  a  strong 
tendency  to  spi-ead,  according  to  their  precise  j)Osition 
and  depth,  to  the  cornea,  iris,  or  vitreous,  and  by 
influencing  the  nutrition  of  the  lens  to  cause  secon- 
dary cataract.  Although  alike  on  jDathological  and 
clinical  grounds  it  is  necessary  to  subdivide  the  class 
into  groups,  we  may  obseiwe  that  the  various  diseases 
of  this  part  show  a  general  agreement  in  some  of 
their  more  important  characters  ;  thus  all  of  them 
are  protracted  and  liable  to  relapse,  and  in  all  there 
is  a  marked  tendency  to  patchiness,  the  morbid  pro- 
cess being  most  intense  in  cei'taiu  spots  of  the  ciliary 
zone,  or  even  occurring  in  quite  discrete  areas.  It 
is  convenient  to  make  three  principal  clinical  groups, 
the  differences  between  which  are  accounted  for  to  a 
great  extent  by  the  depth  of  the  tissue  chiefly  im- 
plicated.   The  most  superficial  may  be  taken  first. 

(1.)  Episcleritis  (more  correctly  Scleritis)  is  the 
name  given  to  one  or  more  large  patches  of  conges- 
tion in  the  ciliary  region,  with  some  elevation  of  the 
conjunctiva  from  thickening  of  the  subjacent  tissues. 
The  congestion  generally  affects  the  conjunctival  as 
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well  as  the  deeper  vessels,  and  tlie  yellowish  colour 
of  the  exudation  tones  the  bright  blood-red  down  to 
a  more  or  less  rusty  tinge,  which  is  especially 
striking  at  the  central,  thickest,  part  of  the  patch. 
The  thickening  seldom  causes  more  than  a  low,  widely 
spread  mound  of  swelling. 

Episcleritis  is  a  rather  rare  disease.  It  occurs 
chiefly  on  the  exposed  jjarts  of  the  ciliary  region,  and 
especially  near  the  outer  can  thus ;  but  the  patches 
may  occur  at  any  part  of  the  circle,  and  exceptionally 
the  inflammation  is  diffused  over  a  much  Avider  area 
than  the  ciliary  zone,  extending  far  back,  out  of  view. 
The  iris  is  often  a  little  discoloured  and  the  pupil 
sluggish,  but  actual  iritis  is  the  exception.  There  is 
often  much  aching  pain.  The  disease  is  subacute, 
reaching  its  acme  in  not  less  than  two  or  three  weeks, 
and  requiring  a  much  longer  time  before  absorption 
is  complete.  Fresh  patches  are  apt  to  sjH'ing  up 
while  old  ones  are  declining,  and  so  the  disease  may 
last  for  months ;  indeed,  relapses  at  intervals,  and 
in  fresh  spots,  are  the  rule.  It  usually  affects  only 
one  eye  at  a  time,  but  both  often  suffer  sooner  or  later. 
After  the  active  changes  have  disappeared,  a  patch 
of  the  underlying  sclerotic,  of  rather  smaller  size, 
is  generally  seen  to  be  dusky  as  if  stained  ;  it  is 
doubtful  whether  such  patches  represent  thinning 
of  the  sclerotic  from  atrophy,  or  only  staining  ;  it  is 
but  seldom  that  they  show  any  tendency  to  bulge  as 
if  thinned. — In  rare  cases  the  exudation  is  much 
more  abundant,  and  a  large  swelling  is  formed, 
which  may  even  contain  pus ;  such  cases  pass  by 
gradations  into  conjunctival  phlyctenulse,  and  are 
generally  seen  in  children  (compare  p.  104). 

Episcleritis  is  seldom  seen  except  in  adults,  and  is 
commoner  in  men  than  women.  Inquiry  often  shows 
that  the  sufferer  is,  either  from  occupation  or 
temperament,  particularly  liable  to  be  affected  by 
exposure  to  cold  or  by  changes  of  temperature.  Some 
of  the,  patients  are  rheumatic,  some  gouty.  Similar 
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patches,  but  of  a  brownish,  rather  translucent  ap- 
pearance, are  occasionally  caused  by  tertiary  syphilis, 
acquired  or  inherited  {'^gummatous  sclevitis  "). 

In  the  treatment,  px-otection  by  a  warm  bandage, 
rest,  the  yellow  ointment  (F.  12),  the  use  of  repeated 
blisters,  and  local  stimulation  of  the  swelling,  are 
generally  the  most  efficacious.  Atropine  is  very  use- 
ful in  allaying  pain.  Internal  remedies  seldom  seem 
to  exert  much  influence,  except  in  syphilitic  cases. 
Salicylate  of  soda  has  been  highly  spoken  of  by  some. 
Systematic  kneading  of  the  eye  through  the  closed 
lids  ("massage"),  and  scraping  away  the  exuda- 
tion with  a  sharp  spoon,  after  turning  back  the  con- 
junctiva, have  also  been  recommended,  and  ai'e  worth 
trial. 

(2.)  Sclero-Jceratitis  and  sclero-iritis  ("  scrofulous 
sclerotitis,"  "anterior  choroiditis"). — A  more  deeply- 
seated,  very  persistent,  or  relapsing,  subacute  inflam- 
mation, characterised  by  congestion  of  a  violet  tint 
(deep  scleral  congestion,  p.  31,  2),  abruptly  limited 
to  the  ciliai-y  zone,  and  affecting  some  parts  of  the 
zone  more  than  others  (tendency  to  patchiness). 
Early  in  the  case  there  is  a  slight  degree  of  bulging 
of  the  affected  part,  due  partly  to  thickening;  whilst 
patches  of  cloudy  opacity,  which  may  or  may  not 
ulcerate,  apj^earin  the  cornea  close  to,  and  often  con- 
tinuous with,  its  margin ;  iritis  generally  occurs 
later  ;  pain  and  photophobia  are  often  severe.  After 
a  varying  interval,  always  weeks,  more  often  months, 
the  symptoms  recede  ;  at  the  focus  of  greatest  con- 
gestion, or  it  may  be  around  the  entire  zone,  the 
sclerotic  is  left  of  a  dusky  colour,  sometimes  inter- 
.spersed  with  little  yellowish  patches,  and  permanent 
haziness  of  the  most  affected  parts  of  the  cornea 
remains.  The  disease  is  almost  certain  to  relapse 
sooner  or  later ;  or  a  succession  of  fresh  inflamma- 
tory foci  follow  each  other  without  any  intervals  of 
real  recovery,  the  whole  process  extending  over 
months  or  years.    After  each  attack  more  haze  pf 


140         DISEASES  OF  THE  CILIARY  REGION  Chap^ 


cornea  and  fresh  iritic  adhesions  are  left.  The- 
sclerotic,  in  bad  cases  of  some  years'  standing,  is 
miich  stained,  aiid  may  become  bulged  (ciliary  or 
anterior  staphyloma),  and  the  cornea  becomes  more- 
opaqvie  and  altered  in  curve  ;  the  eye  is  then 
useless,  though  but  seldom  liable  to  further  active 
symptoms. 

The  characteristic  appearance  of  an  eye  which  has 
been  moderately  affected  is  the  dusky  colour  of  the 


'''wj^tinnj^^  in   life;  most  of  the- 

patients  are  young  or 
Fio.  60.— Relapsing  Sclcro-kera-   middle-aged  adults,  and 


It  is  not  associated  with  any  special  diathesis  or 
dyscrasia,  but  generally  goes  along  with  a  feeble 
circulation  and  liability  to  "  catch  cold ;  "  in  some 
cases  there  is  a  definite  family  histoi*y  of  scrofula  or 
of  phthisis.  Predisposed  persons  are  more  likely  to- 
suffer  in  cold  weather,  or  after  change  to  a  colder  or- 
damj^er  climate,  or  after  any  cause  of  exhaustion, 
such  as  suckling. 

Treatment  is  at  best  but  palliative.  Local  simula- 
tion by  yellow  ointment  or  calomel  is  very  useful  in 
some  cases,  jjarticularly  in  those  which  verge  towards 
the  ^phlyctenular  type.  In  the  early  stages,  especially 
when  the  congestion  is  very  violent  and  altogether- 
subconjunctival,  atroi:>ine  often  gives  relief,  and  it  is, 
of  course,  useful  for  the  iritis.  Eepeated  blistering 
is  also  to  be  tried,  though  not  all  cases  are  benefited 
by  it.    I  have  not  seen  much  benefit  from  setons^ 


sclerotic  and  the  irre- 
gular, patchy  opacities 
in  the  cornea  (Fig.  60),. 
which  are  often  con- 
tinuous with  the  scle- 
rotic. The  disease  does 
not  occur  in  children, 
nor  does  it  begin  late 


titis.    (From  nature.) 


unlike  the  fomner  va- 
riety, most  are  women. 
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Warm,  dry  applications  to  tlie  lids  are,  as  a  rule, 
Tjetter  than  cold.  Mercury,  in  small  and  long-con- 
tiuued  doses,  is  certainly  valuable  Avheu  the  j^atient 
is  not  anaemic  and  feeble,  but  it  is  to  be  combined 
with  cod-liver  oil  and  iron.  Protection  fi'om  cold  and 
bright  light  by  "  goggles  "  is  a  very  important  mea- 
sure, both  during  the  attacks  and  in  the  intervals 
between  them.  There  is  no  rule  as  to  symmetry  ; 
both  eyes  often  suffer  sooner  or  later,  but  sometimes 
one  escapes  whilst  the  other  is  attacked  re^Deatedly. 
Transition  forms  occur  between  this  disease  and 
-episcleritis. 

(3.)  Cyclitis  with  disease  of  vitreous  and  Jceratitis 
jjimdata  (chronic  serous  irido-choroiditis,  "  serous 
iritis). — A  small  but  important  series  of  cases,  in 
w^hich  there  is  congestion,  as  in  mild  iritis,  and 
<lulness  of  sight,  but  usually  no  pain  or  jihotophobia. 
riocculi  are  found  in  the  anterior  part  of  the  vitreous 
or  numerous  small  dots  of  deposit  are  seen  on  the 
posterior  surface  of  the  cornea  (keratitis  jiunctata, 
Pig.  54) ;  the  anterior  chamber  is  often  too  deep,  and 
insidious  ii'itis  often  follows.  Patches  of  recent  cho- 
roiditis (Chap.  XII)  are  sometimes  to  be  seen  at  the 
fundus.  In  bad  cases  buff-coloured  masses  of  deposit 
form  in  the  lower  part  of  the  angle  between  iris 
and  cornea ;  or  distinct  nodules  may  be  present  on 
the  iris  near  its  periphery,  but  not,  as  in  syphilitic 
iritis,  at  the  pupillary  border.  Persistence,  varia- 
bility, and  liability  to  relapse  are  almost  as  marked 
here  as  in  other  members  of  the  cyclitic  group. 
The  tension  is  often  slightly  augmented  at  the 
beginning,  but  usually  becomes  normal  again. 
Sometimes,  however,  the  eye  passes  into  a  permanent 
state  of  chronic  glaucoma,*  without  the  intervention 
of  plastic  iritis  {see  Glaucoma)  ;  but  usually  the  final 
•condition  in  bad  cases  depends  on  the  extent  of  the 
iritic  adhesions,  for  when  the  synechiae  are  numerous 

*  Perliaps  from  blocking  of  the  Ligamentum  pectinatum 
with  cells. 
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and  tough,  and  the  iris  is  much  altered  in  structure,, 
or  the  pupil  blocked  byexudation,  secondary  glaucoma 
is  likely  to  arise  from  imprisoment  of  fluid  behind 
the  iris  (Fig.  59).  When  seen  quite  early  the  dia- 
gnosis will  probably  be  "  serous  iritis  "  or  "  ciliary 
congestion,"  unless  the  eye  be  carefully  examined'; 
for  the  pupil  is  generally  free  in  all  parts,  or  shows, 
at  most,  one  or  two  adhesions  after  atropine  has  beeu 
used.  In  a  few  cases  the  punctate  deposits  on  the 
back  of  the  cornea  constitute  almost  the  only  objec- 
tive change  (simple  keratitis  punctata),  but  these  are 
rare  (p.  122)  {comimre  Chronic  Iritis,  p.  132).  The 
refraction  sometimes  become  temporarily  myopic  in 
serous  iritis. 

The  cases  occur  in  adolescents  or  young  adults, 
and  the  disease  is  often  sooner  or  later  symmetrical. 
Many  mild  cases  recover  perfectly,  and  in  most 
others  the  final  result  is  satisfactory.  In  respect  to 
cause,  there  is  strong  reason  to  believe  that  many  of 
these  cases  are  the  result  of  gout  in  a  previous  genera- 
lion,  the  patient  himself  never  having  had  the  disease 
(Hutchinson).  The  disease  seems  often  to  be  excited 
in  predisposed  persons  by  prolonged  overwork  or 
anxiety,  combined  with  underfeeding,  or  defective 
assimilation  ;  the  patients  often  describe  themselves 
as  delicate  ;  some  are  phthisical.  On  the  other  hand, 
in  some  of  the  worst  cases,  leading  to  secondary  cata- 
ract, and  ultimately  to  shrinking  of  the  eyes  (p.  132), 
the  patient  appears  to  be,  from  first  to  last,  in  good 
health,  and  free  from  any  ascertainable  morbid  dia- 
thesis. 

In  the  treatment  prolonged  rest  of  the  eyes  is 
important.  Atropine  is  usually  necessary,  iDut  if 
there  be  increase  of  tension  its  effect  must  be  care- 
fully watched,  and  in  cases  where  there  are  no  iritic 
adhesions,  eserine  may  have  to  be  substituted.  If 
.the  increase  of  tension  keeps  up,  and  seems  to  be 
damaging  the  sight,  iridectomy  is  necessary.  Small 
doses  of  iodide  of  potassium  and  mercury  appear  to 
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be  usefi;l  in  the  earlier  stages,  given  with  jiroper  pre- 
cautions, and  accomiJanied  by  iron  and  cod-liver  oil. 
Change  of  climate  would  probably  often  be  very  bene- 
ficial. In  the  worst  cases,  where  the  changes  are 
like  those  resulting  from  sympathetic  oj)hthalmitis, 
no  treatment  seems  to  have  any  effect. 

Cases  of  acute  inflammation  are  occasionally  seen 
in  which  most  of  the  symptoms  resemble  those  of 
acute  iritis,  but  with  the  iris  so  little  affected,  that  it 
is  evidently  not  the  headquarters  of  the  morbid 
action.  The  tension  may  be  much  reduced,  whilst 
repeated  and  rajjid  variations,  both  in  sight  and 
objective  symptoms,  occur.  The  term  "idiopathic 
2)htMsis  hulbi "  has  been  aj^plied  to  some  of  these. 
Again,  some  cases  of  S3q3hilitic  inflammation,  which 
are  classed  as  syphilitic  "  iritis,"  might  more  cor- 
rectly be  called  "cyclitis."  In  some  cases  of  heredito- 
syphilitic  keratitis  there  is  much  cyclitic  complication 
(p.  119),  and  these  are  always  difficult  to  treat. 

Plastic  inflammation  of  the  ciliary  body,  following 
injury  (traumaiic  iritis  or  iridocyclitis),  is  the  usual 
starting-point  of  the  changes  which  set  up  sympa- 
thetic inflammation  of  the  fellow  eye  ;  the  tension 
is  often  lowered,  and  the  symptoms  subacute.  The 
onset  of  imrulent  traumatic  cyclitis  ( panophthalmitis) 
is  signalised  by  congestion,  pain,  chemosis  and  swel- 
ling of  lids,  and  the  appearance  of  oj^acity  at  the 
wound.  The  inflammation  c^uickly  spreads  to  the 
iris,  ciliary  body,  and  vitreous  ;  and  then  to  the  cap- 
sule of  Tenon  and  the  muscles,  so  that  the  eye  becomes 
glued  to  the  surrounding  parts,  and  fixed.  If  the  lens 
be  transparent  a  yellow  or  greenish  reflection  is,  after 
a  few  days,  sometimes  seen  behind  it,  indicating  the 
j^resence  of  pus  in  the  vitreous  humour ;  but  usually 
the  cornea  and  aqueous  are  too  turbid,  even  should 
the  lens  be  clear,  to  allow  deep  inspection.  Suppu- 
rative panophthalmitis  occasionally  sets  in  acutely 
and  without  apparent  cause  in  eyes  which  have  long 
been  blind  from  corneal  disease  or  from  glaucoma.  It 
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may  also  occur  in  pjEemia  (Chap.  XXTII).    (See  also 
Pseudo-glioma.) 

SYMPATHETIC   IRRITATION   AND  SYMPATHETIC 
OPHTHALMITIS 

Certain  morbid  changes  in  one  eye  may  set  up 
•either  functional  disturbance  or  destructive  inflam- 
mation in  its  fellow.  The  term  sympathelic  irritation 
is  given  to  the  former,  and  sympathetic  ophthahnitis 
(or  ophthalmia)  to  the  latter.  Though  these  condi- 
tions may  be  combined,  tbey  more  often  occur  sepa- 
rately, and  it  is  very  important  to  distinguish  between 
them. 

Although  at  present  the  exact  nature  of  the  changes 
Avhich  pi'ecede  sympathetic  inflammation  is  unknown, 
and  their  path  has  not  been  fully  traced  out,  Ave 
are  sure  (1)  that  the  changes  start  from  the  region 
most  richly  supplied  with  vessels  and  nerves,  viz. 
the  ciliary  body  and  iris ;  (2)  that  the  first  changes 
recognised  by  the  surgeon  in  the  sympathising  eye 
.are  generally  in  th«  same  structures  ;  (3)  that  the 
exciting  eye  has  nearly  always  been  wounded,  and  in 
its  anterior  part,  and  that  plastic  inflammation  of 
its  uveal  tract  is  always  present ;  (4)  that  inflam- 
matory changes  have  in  some  cases  been  found  in  the 
ciliary  nerves,  and  in  the  coverings  of  the  optic  nerve, 

•  of  the  exciting  eye. 

Within  the  last  few  years  the  hypothesis  of  trans- 
mission along  the  ciliary  nei'ves,  which  had  many 

.  adherents,  has  been  almost  given  uj)  in  favour  of,  the 
theory  of  infection.  Deutschmaun  has  shown  (1882 
— 84)  that  the  introduction  of  certain  septic  organisms 
into  the  interior  of  the  eyeball,  in  rabbits,  is  followed 
by  acute  inflammatory  changes  in  the  other  eye,  and 

■Gifford  (1886),  and  others  more  recently,  have 
obtained  results  which  tend  to  confirm  the  infection 
theory.  Most  of  Deutschmann's  subjects  died  in  a 
few  days,  and  though  in  many  of  them  the  ocular,. 

•  changes  were  those  of  inflammation  traceable  along  ^ 
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tlif  optic  uerve-sheatlis  of  the  "  exciting  "  eye,  by 
way  of  the  chiasina,  and  clown  the  optic  nerve  to  the 
optic  disc  of  the  "  sympathiser,"  still  in  one  or  two 
the  morbid  process  had  spread  to  the  vitreous  and 
uveal  coat.  Berlin*  had  previously  suggested  that 
the  second  eye  was  infected  by  a  special  organism 
which  could  flourish  only  in  the  eye-tissues,  and  which 
was  carried  by  the  blood  from  the  first  eye  ;  and 
Hutchinsonf  afterwards  independently  projjounded 
a  nearly  identical  view.  Though  there  are  difficulties 
to  be  ex2>lainecl  and  gaps  to  be  filled  in  our  knowledge 
before  the  infection  theory  in  any  form  can  be 
accepted,  yet  at  the  present  time  it  claims  more  and 
stronger  adherents  than  any  other ;  and  the  diffi- 
culties are  perhajss  not  greater  than  for  any  other 
theory. 

In  almost  every  case  sympathetic  inflammation  is 
set  up  by  a  perforating  wound,  either  accidental  or 
operative,  in  the  ciliary  region  of  the  other  eye,  i.  e. 
within  a  zone,  nearly  a  quarter  of  an  inch  wide,  sur- 
rounding the  cornea.  The  risk  attending  a  ivound 
in  this  "  dauQ;erous  zone  "  is  increased  if  it  be  lace- 
rated,  or  heal  slowly,  or  if  the  iris  or  ciliary  body  be 
engaged  between  the  lips  of  the  sclerotic,  or  if  the 
eye  contain  a  foreign  body  ;  under  all  conditions, 
indeed,  which  make  the  occurrence  of  plastic  or  pu- 
rulent irido-cyclitis  probable.  Sympathetic  inflam- 
mation may  also  be  set  up  by  a  foreign  body  lodged 
in  the  eye,  whether  the  wound  be  in  the  ciliary 
region  or  not ;  by  an  eye  containing  a  tumour,  per- 
haps even  if  the  eye  have  not  been  perforated  by 
operation  or  ulceration  ;  by  a  ])urely  corneal  wound, 
or  a  perforating  ulcer,  if  complicated  by  adhesion  of 
the  iris,  with  dragging  on  the  ciliary  body. 

Symptoim  in  the  excilinrj  eye. — The  exciting  eye, 
when  it  is  causuig  sympathetic  irritation,  generally 
shows  ciliary  congestion  and  photophobia,  and  oi'ten 
suffers  neuralgic  ])ain.    In  an  eye  which  is  causing 
*  Bfi-liii,  1880.  t  llutchiiisoii,  1885. 
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sympathetic  ivjiammation,  obvious  iritis,  ofteu  with 
lowered  tension,  is  usually  present ;  but  the  iritis  is 
often  painless  and  without  noticeable  congestion, 
and  tlius  may  easily  be  overlooked ;  it  is  especially 
important  to  remember  that  the  exciting  eye,  though 
its  sight  is  always  damaged,  need  not  be  blind,  and 
that  under  certain  circumstances  it  may  in  the  end 
be  the  better  eye  of  the  two. 

Symptoms  in  the  sympatldsing  eye. — a.  8ympatheiic 
irritation. — The  eye  is,  in  common  speech,  "weak" 
or  "  irritable."  It  is  intolerant  of  licrht,  and  easilv 
flushes  and  waters  if  exposed  to  bright  light,  or  if 
much  used  ;  the  accommodation  is  weakened  or  irri- 
table, so  that  continued  vision  for  near  objects  is 
painful,  or  even  impossible  ;  and  the  ciliary  muscle 
seems  liable  to  give  way  for  a  short  time,  the  patient 
complaining  that  near  objects  now  and  then  suddenly 
become  misty  for  a  while.  Neuralgic  pains,  referred 
to  the  eye  and  side  of  the  head,  are  also  common. 
Temporary  darkening  of  sight,  indicating  suspension 
of  retinal  function,  and  subjective  sensations  of 
coloured  spots,  clouds,  &c.,  occur  in  certain  cases. 
Such  attacks  may  occur  again  and  again  in  varying 
severity,  lasting  for  days  or  weeks,  and  finally  ceasing 
without  ever  passing  on  to  structural  change.  Sym- 
pathetic irritation  is  always,  and  as  a  rule  promptly, 
cured  by  removal  of  the  exciting  eye  ;  but  occasion- 
ally the  symptoms  persist  for  some  time  afterwards. 
A  condition  which  cannot  be  distinguished  from 
hysterical  blindness  is  sometimes  seen  in  the  "  sym- 
pathising "  eye,  but  the  term  sympathetic  irritation 
does  not  then  seem  suitable.* 

h.  Sympathetic  inflammation  {Ophthalmitis). — The 
disease  may  arise  out  of  an  attack  of  *'  irritation," 
but  more  commonly  it  sets  in  without  any  such  warn- 
ing.   It  may  be  acute  and  severe,  or  so  insidious  as 

*  Mr  Gunn  tells  me  that  lie  has  uoticed  that  marked  oscilla- 
tion of  the  iris  (p.  27)  often  occurs  when  sympathetic  irritation 
is  about  to  give  place  to  inflammation. 
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to  escape  the  notice  of  tlie  patient  until  well  advanced. 
It  is  in  nearly  all  cases  a  prolonged  and  a  recurring 
disease ;  when  once  started  it  is  self-maintaining,  and 
its  course  usually  extends  over  many  months,  or  even 
a  year  or  two.  In  mild  cases  a  good  recovery  even- 
tually takes  place,  but  in  a  large  majority  the  eye 
becomes  blind.  The  disease  usually  takes  the  form 
of  a  plastic  irido-cyclitis  or  irido-choroiditis  with 
exudation  from  the  entire  posterior  surface  of  the 
iris,  leading  to  total  posterior  synechia  (p.  128). 
Its  chief  early  peculiarities  are  a  great  liability  to 
dotted  deposits  on  the  back  of  the  cornea  (p.  121), 
clouding  of  the  vitreous  by  floating  opacities,  and 
often  neuro-retiuitis  ;  there  is  a  dusky  ciliary  conges- 
tion with  marked  engorgement  of  the  large  vessels 
which  perforate  the  sclerotic  in  the  ciliary  region. 
In  acute  and  severe  cases  the  congestion  is  intense, 
there  is  severe  jJain,  photophobia,  and  tenderness  on 
pressure,  and  the  iris,  besides  being  thick,  is  changed 
in  colour  to  a  peculiar  buff  or  yellowish  brown,  and 
shows  numerous  enlarged  blood-vessels.  Attacks  of 
intense  neuralgia  of  the  fifth  nerve  characterise  some 
cases.  In  cases  of  all  degrees,  the  tension  is  often 
inci'eased,  the  eye  becoming  decidedly  glaucomatous 
for  a  longer  or  shorter  time.  Many  dotted  opacities 
appear  in  the  lens,  which  afterwards  becomes  com- 
pletely cataractous  and  in  some  cases  is  finally  quite 
absorbed.  In  the  worst  cases  the  eye  finally  shrinks, 
but  in  many  it  remains  glaucomatous  with  total 
posterior  synechia,  corneal  haze,  and  more  or  less 
ciliary  staphyloma.  In  the  mildest  cases  (the  so- 
called  "  serous  "  form)  the  disease  never  goes  beyond 
a  chronic  iritis  with  punctate  keratitis  and  disease  of 
the  vitreous,  with  which  neuro-retinitis  of  ten,  perhaj^s 
always,  coexists. 

Sympathetic  ophthalmitis  generally  begins  between 
six  weeks  and  about  three  months  after  the  injury  to 
the  exciting  eye ;  very  seldom  sooner  than  three 
weeks,  i.  e.  not  until  time  has  elapsed  for  well-marked 
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iuflammatory  changes  to  occur  at  the  seat  of  injury. 
On  the  otlier  hand,  the  disease  may  set  in  at  any 
length  of  time,  even  many  years,  after  the  lesion  of 
the  exciting  eye.  It  occurs  at  all  ages.  Distinct 
inflammatory  changes  are  probably  always  present 
in  the  exciting  eye  ;  but,  as  already  stated,  these  may 
be  very  sliglit  and  difficult  of  detection.  When  care- 
fully observed,  these  changes  are  found  to  precede 
by  some  days,  if  not  longer,  the  onset  of  structural 
disease  in  the  sympathising  eye,  the  morbid  jjrocess 
apparently  taking  some  time  to  travel  from  one  eye 
to  the  other. 

Treatment. — By  far  the  most  important  measure 
refers  to  prevention.  When  once  sympathetic  in- 
flammation has  begun  we  can  do  little  to  modify  its 
course.  The  clear  recognition  of  this  fact  leads  us 
to  advise  the  excision  *  of  every  eye  which  is  at  the 
same  time  useless,  and  liable  to  cause  sympathetic 
mischief,  i.  e.  of  all  eyes  which  are  blind  from  injury 
or  destructive  corneal  disease  ;  and  to  give  this  advice 
most  urgently  when  the  blind  eye  is  already  tender 
or  irritable,  or  is  liable  to  become  so,  when  it  has 
been  lost  by  wound,  and  when  it  is  probable  that  it 
may  contain  a  foreign  body.  Any  lost  eye  in  which 
there  are  signs  of  past .  iritis,  even  if  there  be  no 
history  of  injury,  is  best  removed,  especially  if 
shrunken.  But  much  judgment  is  needed  if  the 
damaged  eye,  though  irritable  and  likely  to  cause 
mischief,  still  i-etaius  more  or  less  sight.  Every 
attention  must  then  be  paid  to  the  exact  position  of 
the  wound,  the  evidence  as  to  its  depth,  the  evidence 
of  haemorrhage,  and  especially  to  the  condition  of  the 
lens,  and  to  the  presence  of  the  yellowish  haziness 

*  Feeling  doubtful  whether  either  abscission  or  optieo-ciliiiry 
neurotomy  confers  as  great  safety  from  sympathetic  disease  as 
does  excision,  I  have  not  performed  those  operations.  The 
more  newly  revived  evisceration  has  not  yet  been  ])erforincd 
often  enough  for  trustworthy  conclusions  to  be  drawn  on  this 
point. 
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behind  the  lens,  wliicli  indicates  lymph  or  pus  in  the 
vitreous  (p.  143).  The  date  of  the  injury  and  the 
condition  of  the  wound,  whether  healed  by  imme- 
diate union,  or  with  scarring,  puckering,  or  flattening, 
are  very  important  points.  Irritation,  of  the  fellow- 
eye  may  set  in  a  few  days  after  the  injury ;  but 
since  inflammation  very  seldom  begins  sooner  than 
two  or  three  weeks,  we  may,  if  we  see  the  case  earl}', 
watch  it  for  a  little  time.  Complete  and  prolonged 
rest  in  a  darkened  room  is  a  very  important  element 
in  the  prevention  of  sympathetic  irritation  and  in- 
flammation, and  should  always  be  insisted  on  when 
we  are  trying  to  save  an  injured  eye  (compare  p.  134). 
In  rare  oases  sym2)athetic  inflammation  sets  in  after 
the  removal  of  the  exciting  eye,  even  after  an  interval 
of  several  weeks,  a  contingency  which  emphasises 
the  importance  of  excising  every  condemned  eye  at 
the  earliest  possible  moment. 

When  sympathetic  ophthalmitis  has  set  in  we  can  do 
comparatively  little. 

A.  The  exciting  eye,  if  cj^uite  blind  or  so  seriously 
damaged  as  to  be  for  practical  purposes  certainly 
useless,  is  to  be  excised  at  once,  though  the  evidence 
of  benefit  from  this  course  is  slender.  But  it  is  not 
to  be  removed  if  there  is  reason  to  hope  for  restora- 
tion of  useful  sight  in  it;  if  there  is  simply  a 
moderate  degree  of  subacute  iritis,  with  or  without 
traumatic  cataract,  and  with  sight  i^roportionate  to 
the  state  of  the  lens,  the  eye  is  to  be  carefully  treated, 
since  it  may  very  probably  in  the  end  be  the  better 
of  the  two  (p.  146). 

B.  The  symimthising  eye. — The  imj^ortant  measures 
are  (1)  atropine,  used  very  often,  as  for  acute  iritis ; 
(2)  absolute  rest  and  exclusion  of  light  by  residence 
in  a  dark  room  and  with  a  black  bandage  over  both 
eyes;  (3)  repeated  leeching  if  the  symptoms  are 
severe,  or  counter-irritation  by  blisters  or  by  a  seton 
in  chronic  cases.  (4)  Mercury  is  believed  by  some 
to  be  beneficial.    Quinine  is  sometimes  given.  (5) 
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As  a  rule  no  operation  is  permissible  whilst  the  dis- 
ease is  still  active,  since  iridectomy,  performed  whilst 
there  are  active  symptoms,  is  followed  by  closure  of 
the  gap  with  fresh  lymph.  Operations  in  severe  cases 
which  have  become  quiet  are  seldom  of  use,  the  eye 
being  generally  then  past  recovery. 

The  prognosis  is,  as  will  be  gathered,  very  grave ; 
even  in  the  mildest  cases,  wben  seen  quite  early,  we 
must  be  very  cautious,  for  the  disease  often  slowly 
progresses  for  many  mouths. 
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CHAPTER  X 

INJURIES  OP  THE  EYEBALL 

A  CLEAR  distinction  is  to  be  made  between  contu- 
sion and  concussion  injuries,  and  wounds  of  the 
eyeball. 

(1.)  Contusion  and  concussion  injuries. — Rujjture 
of  the  eyeball  is  commonly  the  result  of  severe  direct 
blows.  The  rent  is  nearly  always  in  the  sclerotic, 
either  a  little  behind,  or  close  to  the  corneal  margin, 
with  which  it  is  concentric  ;  the  cornea  itself  is  but 
seldom  rent  by  a  blow.  The  rupture  is  usually 
lai'ge,  involves  all  the  tunics,  and  is  followed  by  im- 
mediate haemorrhage  between  the  retina  and  clioroid, 
and  into  the  vitreous  and  anterior  chambers ;  the 
lens  and  some  of  the  vitreous  often  escape  ;  sight 
is  usually  reduced  to  jjerception  of  light  or  of  large 
objects.  The  conjunctiva,  however,  often  escapes 
untorn,  and  in  such  a  case  if  the  lens  pass  through 
the  rent  in  the  sclerotic,  it  will  be  held  down  by  the 
conjunctiva,  and  form  a  jsrominent,  rounded,  trans- 
lucent swelling  over  the  rupture.  The  diagnosis  of 
rupture  is  generally  easy,  even  if  the  rent  be  moi'e  or 
less  concealed.  The  eyeball  often  shrinks  ;  but  occa- 
sionally it  recovers  with  useful  vision.  Immediate 
excision  is  generally  best  when  the  wound  is  "com- 
pound ;  "  but  if  the  conjunctiva  be  not  torn,  and 
occasionally  even  when  it  is,  we  should  wait  a  few 
days  until  the  disappearance  of  the  blood  from  tlie 
anterior  chamber  allows  the  deeper  parts  to  be  seen. 
The  treatment  is  the  same  as  for  wounds  of  the  eye 
(p.  157).  When  the  lens  is  lying  beneath  the  con- 
junctiva it  should  be  removed  when  the  scleral  wound 
has  healed,  if  we  decide  to  save  the  eye. 
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It  may  hero  be  mentioned  tliat  coitions  haemor- 
rhage, accompanied  by  severe  pain,  sometimes  occurs 
between  the  choroid  and  sclerotic  as  the  result  of 
sudden  diminution  of  tension,  either  by  an  operation, 
such  as  extraction  of  cataract  or  iridectomy,  or  by  a 
glancing  wound  of  the  cornea.  Eyes  in  which  this 
occurs  are  for  the  most  part  already  unsound  and 
often  glaucomatous. 

Blows  often  cause  internal  damage  withnut  rup- 
ture of  the  hard  coats  of  the  eye.  The  iris  may  be 
torn  from  its  ciliary  attachment  (coredia.hjsis),  so 
that  two  pupils  are  formed  (Fig.  61),  or  the  lens  may 

be  loosened  or  displaced 
fp.  181)  by  partial  rup- 
ture of  its  suspensory 
ligament,  so  that  the 
iris,  having  lost  its  sup- 
port, will  shake  about 
with  every  movement 
(tremulous  iris).  Such 
Fig.  61.— Separation  of  iris  lesions  are  likely  to  be 
following  a  blow.  obscured  for  a  time  by 

bleeding  into  the  ante- 
rior chamber  and  into  the  vitreous.  The  lens 
often  becomes  opaque  afterwards  (p.  180).  Detach- 
ment of  the  retina  is  often  found  after  severe  blows, 
which  have  caused  hsemorrhage  into  the  vitreous. — 
Blows  on  the  front  of  the  eye  may  cause  rupture  of 
the  choroid,  or  hsemorrhage  from  choroidal  or  I'etinal 
vessels.  These  changes  are  found  at  the  central 
part  of  the  fundus,  and  if  the  yellow  si)ot  is  involved 
visual  acuteuess  is  much  damaged.  The  rents  in  the 
choroid  apj^ear,  after  the  blood  has  cleai-ed  up,  as 
lines  or  narrow  bands  of  atrophy  bordered  by  pig- 
ment, and  often  slightly  curved  towards  the  disc 
(Fig.  74).  Haemorrhages  from  the  choroidal  vessels 
without  rupture  of  the  choroid,  usually  leave  some 
residual  pigment  after  absorption.  In  an  eye  pre- 
disposed to  detachment  of  retina,  a  blow  will  some- 
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t  imes  determine  its  occurrence. — Paraliisis  of  the  iris 
and  ciliary  vniscle,  with  partial,  and  often  irregular, 
<lilatation  of  the  pupil,  are  often  the  sole  results  of  a 
l)low  on  the  eye;  the  defect  of  sight  can  be  remedied 
hy  a  convex  lens.  Complete  restitution  is  moderately 
common  ;  the  ciliary  muscle  recovers  before  the  iris. 
Partial  dilatation  or  imperfection  of  the  pupil  after  a 
blow  is  sometimes  dependent  on  rupture  of  the 
sjihincter,  one  or  more  notches  in  the  pupillary 
border  of  the  iris  indicating  the  seat  of  the  lesion  or 
lesions.    (For  Traumatic  Iritis  see  p.  132.) 

Great  defect  of  sight  following  a  blow,  and  neither 
remedied  by  glasses  nor  accounted  for  by  blood  in 
the  anterior  chcimber,  will  generally  mean  copious 
haemorrhage  into  the  vitreous,  with  one  or  another 
of  the  changes  just  mentioned  in  the  retina  and 
choroid.  The  red  blood  may  sometimes  be  seen 
by  focal  light,  but  often  its  jiresence  can  only  be 
inferred  from  the  opaqiie  state  of  the  vitreous.  Pro- 
bably in  most  of  these  cases  the  blood  comes  from 
the  large  veins  of  the  ciliary  body,  but  sometimes 
from  the  vessels  of  the  choroid  or  retina.  There 
may  be  no  external  ecchymosis.  The  tension  of  the 
globe  is  to  be  noted  ;  it  is  not  often  increased  unless 
inflammation  have  set  in,  or  the  eye  were  previously 
•glaucomatous,  and  in  some  cases  it  is  below  par. 
The  prognosis  should  be  very  guarded  whenever 
there  is  reason  to  think,  from  the  ojiaque  state  of  the 
l)arts  behind  the  lens,  that  much  bleeding  has  taken 
])lace,  or  that  the  retina  is  detached,  or  when  the  iris 
is  tremulous  or  partly  detached,  or  if  any  rupture  of 
the  choroid  can  be  made  out.  Blood  in  the  anterior 
chamber  is  often  completely  absorbed  in  a  day  or  two, 
or  even  sometimes  in  a  few  hours';  but  in  the  vitre- 
ous humour  absorption,  though rapid,is  less  complete, 
and  permanent  opacities  are  often  left.  The  use  of 
atroj^ine,  the  frequent  application,  during  the  first 
tweuty-four  hours,  of  iced,  water,  or  of  an  evaijorating 
lotion  to  the  lids,  and  occasional  leeching  if  there  be 
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inHaminatoiy  symptoms,  will  do  all  that  is  possible  for 
the  first  week  or  two  after  a  severe  blow  with  internal 
haemorrhage.  If  the  lens  be  loosened  it  may  at  any 
time  act  as  an  irritating  foreign  body,  or  set  up  a 
glaucomatous  inflammation  (Dislocation  of  Lens,  ]>. 
181).  Now  and  then  optic  neuritis  occurs  in  the 
injured  eye  as  the  immediate  effect  of  the  blow. 
Hfemorrhage  behind  the  choroid  is  believed  to 
account  for  certain  well-known  cases  in  which,  after 
a  blow,  there  is  defect  of  sight  without  visible 
change,  or  with  localised  temporary  haze  of  retina 
("  commotio  reiinia  ").  Temporary  myopia  or  astig- 
matism may  also  follow  a  blow  on  the  eye ;  they 
depend  on  altered  curvature  of  the  lens,  and  are 
sometimes  entirely  removed  by  paralysing  the  ciliary 
muscle  with  atropine  (see  also  Hysterical  Ambly- 
opia). 

(2.)  Wounds. — A.  Superficial  abrasions  of  the  cornea 
cause  much  pain,  with  watering,  photo])hobia,  and 
ciliary  congestion.  They  are  frequently  due  to  a 
scratch  by  a  finger-nail  of  a  baby  at  the  breast. 
The  abraded  surface  is  often  very  small  and  shows 
no  ojiacity  ;  it  is  detected  by  watching  the  reflection 
of  a  window  from  the  cornea  (p.  19),  whilst  the 
patient  slowly  moves  the  eye.  Now  and  then  the 
symptoms  return  after  a  long  interval  of  cure.  Many 
if  not  all  of  the  cases  of  relapsing  bullae  of  the 
cornea  seem  to  have  originated  in  a  slight  superficial 
injury. 

Minute  fragments  of  metal  or  stone  flying  from 
tools,  &c.,  often  partly  imbed  themselves  in  the 
cornea  ("foreign  body  on  the  cornea"),  and  give  rise 
to  varying  degrees  of  irritability  and  pain.  The  frag- 
ment soon  becomes  surrounded  by  a  hazy  zone  of 
infiltration,  but  it  remains  easily  visible  unless  it  be 
very  small  or  covered  by  mucus  or  epithelium.  When 
in  doubt  always  examine  the  cornea  by  focal  light 
with  magnifying  power  (p.  40). 

The  pupil  is  often  smaller  than  its  fellow,  and  the 
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colour  of  the  iris  altered,  in  cases  of  superficial  iu- 
ji;ry  to  tlie  cornea,  indicating  congestion  of  the  iris 
(p.  27).  Actual  iritis  sometimes  occurs,  but  not 
unless  the  corneal  wound  inflame. 

Treatment. —  (For  removal  of  foreign  bodies,  see 
Oi^erations.)  After  surface  injuries  a  drop  of  castor 
oil  may  be  applied,  and  the  eye  kej^t  closed  for  the  day 
with  a  pad  of  wadding  and  a  bandage.  Atrojiine  is 
required  if  there  be  much  irritation  or  threatened 
iritis.  If  hypojiyon  appear  the  case  becomes  one  of 
hypopyon  ulcer  (p.  108). 

Foreign  bodies  often  adhere  to  the  inner  surface 
of  the  upper  lid  ;  whenever  a  patient  states  that  he 
has  "something  in  his  eye"  and  nothing  can  be 
found  on  the  cornea,  the  upper  lid  must  be  everted 
and  examined. 

Large  bodies  sometimes  pass  far  back  into  the 
upper  or  lower  conjunctival  sulcus,  and  lie  hidden 
for  weeks  or  months,  causing  only  local  inflammation 
and  some  thickening  of  the  conjunctiva.  Search 
must  be  made,  if  ueedful,  with  a  small  scoop  or 
probe  whenever  the susijicion  ai'ises  {see  Orbit). 

B.  Burns,  scalds,  and  injuries  hy  caustics,  &c. — The 
conjunctiva  and  cornea  are  often  damaged  by  splashes 
of  molten  lead,  or  by  strong  alkalies  or  acids,  of 
which  lime,  either  quick  or  freshly  slaked,  is  the 
commonest.  The  eyeball  is  not  often  scalded,  the 
lids  closing  quickly  enough  to  prevent  the  entrance 
of  steam  or  hot  water.  As  in  no  such  cases  is  the 
full  effect  ajiparent  for  some  days,  a  cautious  opinion 
should  be  given  in  the  early  stages. 

The  effects  of  such  accidents  are  manifested  by  (1) 
inflammation  of  the  cornea  passing  into  suppui-ative 
keratitis  with  hyjiopyon,  in  bad  cases  ;  (2)  scarring 
and  shortening  of  the  conjunctiva,  and  in  bad  cases 
adhesion  of  its  palpebral  and  ocular  surfaces,  symble- 
pharon. 

The  most  superficial  burns  whiten  and  dry  the 
surface,  and  in   a  few    hours  the  epithelium  is 
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shed.  This  is  shown  on  the  cornea  by  a  sharply 
outlined,  sliy:htly  depressed  area.  The  surface  is 
<;lear  if  the  damage  be  quite  supei'ficial  and  recent, 
but  more  or  less  opalescent,  or  even  yellowish 
if  the  case  be  a  few  days  old,  and  the  burn  be  deep 
enough  to  have  caused  destruction  or  inflammation 
of  the  true  corneal  tissue.  When  there  is  much 
opacity  it  does  not  completely  clear,  and  consider- 
able flattening  of  the  cornea  and  neighbouring  scle- 
rotic often  occurs  at  the  seat  of  deep  and  extensive 
burns.  The  conjunctival  whitening  is  followed  by 
mere  desquamation  and  vascular  reaction,  oi-  by 
ulceration  and  scarring,  according  to  the  depth  of 
the  damage. 

Treatment. — In  recent  cases,  seen  before  reaction 
has  begun,  a  drop  of  castor  oil  once  or  twice  a  day, 
a  few  leeches  to  the  temple,  and  the  use  of  a  cold 
evaporating  lotion,  or  of  iced  water,  will  sometimes 
prevent  inflammation.  If  seen  immediately  after 
the  accident,  the  conjunctival  sac  is  to  be  carefully 
searched  for  fragments,  or  washed  with  very  wealc 
acid  or  alkaline  solution  if  a  liquid  caustic  of  the 
opposite  character  have  done  the  damage.  If  in- 
flammatory reaction  be  already  present,  treatment  by 
compi-ess,  hot  fomentations,  and  the  other  means 
recommended  for  suppurating  ulcers  (p.  112),  is 
most  suitable.  There  is  often  much  pain  and  chemo- 
sis  (see  Operation  for  Symblepharon). 

c.  Penetrating  ivounds  and  cjun-slwt  injuries. — 
When  a  patient  says  that  his  eye  is  wounded,  the  first 
step  is  to  examine  the  seat,  extent,  and  character  of 
the  wound,  ascertain  the  interval  since  the  injury, 
and  test  the  sight  of  the  eye;  the  next  to  make  out 
all  we  can  about  the  wounding  body,  and  especially 
whether  any  fragment  has  been  left  within  the 
eyeball. 

Very  large  foreign  bodies,  such  as  pieces  of  glass, 
sometimes  lie  for  long  in  the  eye  without  causing 
much  trouble,  the  large  wound  having  given  exit 
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to  the  contents  of  tlie  globe,  and  been  followed  by- 
rapid  shrinking  without  inflammation. 

Treatment. — Penetrating  wounds  are  least  serious 
when  they  implicate  the  cornea  alone,  or  the  sclerotic 
behind  the  ciliary  region,  i.  e.  i  inch  or  more  behind 
the  cornea.  Penetrating  wounds  of  the  cornea 
without  injury  to  the  iris  or  lens,  and  without  any 
jirolapse  of  iris,  are  rare  ;  they  generally  do  very  well, 
and  if  the  case  be  not  seen  until  one  or  two  days 
after  the  injury,  the  wound  will  often  have  healed 
firmly  enough  to  retain  the  aqueous,  and  it  may  be 
difficult  to  clecide  whether  the  whole  thickness  of  the 
cornea  have  been  penetrated  or  not.  Wounds  of  the 
sclerotic  seldom  unite  without  the  interjjosition  of  a 
layer  of  lymph  ;  when  seen  early  they  should,  if 
gaping,  clean,  and  uncomplicated  by  evidence  of 
internal  injury,  be  treated  by  the  insertion  of  fine 
sutures,  which  should  be  passed  only  through  the 
conjimctiva,  followed  by  the  use  of  ice  (p.  135). 

But  penetrating  wounds  are  usually  very  serious  to 
the  injured  eye;  the  iris  is  frequently  lacerated  and 
included  in  the  track  of  the  wound  ;  the  lens  is 
pimctured  and  becomes  swollen  and  023aque  from 
absorption  of  the  aqueous  humour  (traumatic  cataract, 
p.  180),  and  liable  in  its  swollen  state  to  press  on  the 
ciliary  jirocesses,  and  cause  grave  symptoms  ;  exten- 
sive bleeding  perhaps  takes  place  into  the  vitreous  ; 
within  the  first  few  days  jjurulent  inflammation  may 
destroy  the  eye  (p.  143).  The  fellow-eye  is,  of  course, 
often  in  danger  of  sympathetic  inflammation. — 
Every  case  has  therefore  to  be  judged  from  two  points 
of  view,  the  damage  to  the  injured  eye,  and  the  risk 
to  the  sound  one ;  and  the  question  whether  to 
sacrifice,  or  attempt  to  save  the  former,  i.s  sometimes 
very  difficult  to  decide. 

(I.)  In  the  two  following  cases  the  eye  should  be 
sacrificed  at  once.  (1)  If  the  wound,  lying  wholly 
or  partly  in  the  "  dangerous  region  "  (p'  145),  be  so 
large  and  so  complicated  with  injury  to  deeper  parts 
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that  no  hope  of  useful  sight  remains.  (2)  If,  even 
though  the  wound  be  small,  it  lie  in  the  dangerous 
region,  and  have  already  set  up  severe  iritis  (pix  132 
and  143). 

(II.)  There  is  a  large  class  of  cases  in  which  it 
is  certain,  or  very  probable,  that  the  eye  contains  a 
foreign  body,  although  the  injury  is  not  of  itself 
fatal  to  sight  and  has  not  as  yet  led  to  iuflammation, 
or  to  shrinking,  of  the  eye. 

The  first  question  then  is  whether  the  foreign  body 
can  be  seen,  the  second,  whether  or  not  it  is  steel  or 
iron,  and  therefore  possibly  removable  by  a  magnet. 
A  foreign  body,  if  lying  on,  or  embedded  in,  the  iris, 
the  lens  being  intact,  should  be  removed,  usually 
with  the  portion  of  iris  to  which  it  is  attached  ;  if 
loose  in  the  anterior  chamber  its  removal  may  be 
difficult.  If  it  can  be  seen  embedded  in  the  lens  and 
the  condition  of  the  eye  be  otherwise  favorable,  a 
scoop  extraction  may  be  done  in  the  hope  of  re- 
moving the  fragment  with  the  lens;  or  the  lens  may 
be  allowed,  or  by  a  needle  operation  (p.  173)  induced, 
to  undergo  partial  absorption  and  shrinking,  so  as  to 
enclose  the  foreign  body  more  firmly  and,  when  sub- 
sequently extracted,  bring  it  away.  If  we  are  cer- 
tain that  the  foreign  body  has  passed  into  the  vitreous, 
Avhether  through  the  lens  or  not,  and  whether  by 
gunshot  or  not,  we  can  seldom  save  the  eye.  The 
foreign  body  can  in  such  a  case  seldom  be  seen,  but 
a  track  of  opacity  through  the  lens,  with  blood  in 
the  vitreous,  or  even  the  latter  alone,  with  conclusive 
history  that  the  wound  was  made  by  a  fragment  or  a 
shot,  and  not  by  an  instrument  or  large  body,  will 
generally  decide  us  in  favour  of  excision. — These 
rules  need  some  modification  when  the  foi-eign  body 
is  of  iron  or  steel,  since  it  is  possible  in  certain  cases, 
by  means  of  a  strong  electro-magnet,  to  remove  such 
fragments,  even  when  lying  in  the  vitreous.  This 
may  be  done  either  through  the  wound  of  entrance, 
more  or  less  enlarged,  or  through  a  fresh  wound 
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made  where  the  body  is  seen,  or  believed  to  lie. 
Many  forms  of  magnet  have  been  employed,  the  most 
successful,  usually  being,  those  in  which  a  probe- 
ended  instrument,  powerfully  magnetised  by  being 
attached  to  the  core  of  an  electro-magnetic  coil,  is 
introduced  into  the  eye  in  search  of  the  body.  The 
terminal  of  the  instrument  used  at  Moorfields  will, 
when  the  circuit  is  complete,  lift  nine  ounces.  Though 
a  certain  number  of  eyes  have  now  been  saved  with 
useful  sight  by  means  of  the  magnet,  it  must  be 
remembered  that  the  extraction  of  the  foreign  body 
does  not  ensure  the  safety  of  the  eye  ;  that  the  eye 
may  inflame  or  shrink,  and  remain  as  jjoteut  a  source 
of  sympathetic  disease  as  before,  especially  so  if  iritis 
or  threatened  panophthalmitis  were  present  at  the 
time  of  oj^eration.*  Foreign  bodies  occasionally  be- 
come embedded  at  the  fundus,  beyond  the  dangerous 
region  and  cause  no  further  trouble.  In  gun-shot 
oases  the  shot  often  passes  out  through  a  coiinter 
opening  and  remains  without  doing  harm  in  the  oi'bit, 
though  the  eye  is  destroyed.  Occasionally  the  choroid 
and  retina  are  damaged  by  haemorrhage  caused  by 
a  shot  or  bullet  traversing  the  orbit  close  to,  but 
without  demonstrable  lesion  of,  the  sclerotic. 

(III.)  There  remain  oases  of  less  severe  character, 
in  which  there  is  no  foreign  body  in  the  eye  ;  (1)  the 
wound  is  in  the  dangerous  region  and  complicated 
with  traumatic  cataract ;  (2)  in  the  dangerous  region 
without  traumatic  cataract ;  (3)  the  injury  is  entirely 
corneal  and  therefore  not  in  the  dangerous  zone  but 
t  he  lens  and  iris  are  wounded ;  (4)  there  is  wound 
of  cornea  and  iris  only,  the  lens  escaping.  In  group 
(2)  there  will  often  be  much  difficulty  in  deciding 

*  Mr  Snell,  of  SliefReld,  who  has  probably  had  a  larger  ex- 
l)eriencc  of  this  method  than  anyone  else,  has  published  (.June, 
1883)  an  excellent  monograph,  in  which  all  the  cases  hitherto 
recorded  are  given,  in  addition  to  his  own.  Hirschberg's  mono- 
graph on  the  subject  (1885)  brings  the  subject  up  to  later 
date. 
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what  to  do,  it  being  presumed  that  the  wounded  eye 
shows  no  iritis  or  other  signs  of  severe  inflammation  ; 
some  of  the  most  difficult  cases  are  those  of  wounds 
by  sharp  instruments  close  to  the  corneal  border,  with 
considerable  adhesion  of  the  iris,  or  in  which  there 
is  evidence  that  the  track  lies  between  the  lens  and 
the  ciliary  processes,  the  lens  not  being  wounded, 
and  useful  sight  remaining.  If  the  patient  be  seen 
within  two  or  three  weeks  of  the  injury,  and  the  sound 
eye  show  no  irritation,  we  may  safely  watch  the  cas(j 
for  a  few  days.  If  decided  symj^athetic  irritation 
Cp.  146)  be  present,  and  do  not  yield  after  a  few 
days'  treatment,  excision  is  advisable,  even  though 
the  lens  of  the  wounded  eye  be  uninjured.  In  re- 
gard to  group  (1),  excision  is  without  doubt  the 
safest  course  in  all  cases,  whether  or  not  the  eye  be 
causing  symjmthetic  symptoms  or  be  itself  especially 
irritable  ;  for  there  is  little  ]>rospect  of  regaining 
useful  vision  in  an  eye  with  a  ciliary  wound  and 
traumatic  cataract.  In  grouj)  (3), excision  is  necessary 
if  the  wound  be  very  large  or  irregular,  and  in  some 
cases  with  small  wound  but  persistent  symptoms.  In 
group  (4)  removal  of  the  eye  is  very  seldom  justifiable, 
unless,  the  iris  having  healed  into  the  wound,  chronic 
inflammatory  changes  are  present,  or  severe  iritis  and 
threatened  jjan ophthalmitis  come  on.  The  patient 
in  all  open  cases  must  be  warned,  and  must  be  seen 
every  few  days  for  many  weeks. 

When  sympathetic  ophthalmitis  has  set  in  before 
the  patient  asks  advice,  the  rule  as  to  the  excision  of 
the  exciting  eye  is  different  (p.  149). 

The  treatment  of  wounded  eyes  which  are  not 
excised  is  the  same  as  for  traumatic  iritis  and  cataract , 
viz.  atropine,  rest,  and  local  depletion  (see  pp.  134  and 
180).  If  seen  before  inflammation  (iritis)  has  begun 
ice  is  to  be  used.  If  the  iris  have  prolapsed  into  the 
wound  the  protrusion  should  be  drawn  further  out 
and  a  large  piece  of  iris  cut  off,  so  that  the  ends  when 
replaced  by  the  curette  may  reti'act  and  reuniin  quile 


X. 


INJURIES  OF  THE  EYEBALL 


161 


free  from  the  wouud  (see  Iridectomy ;  this  may  be 
done  as  miich  as  a  week  after  the  injury.  Even 
when  seen  within  an  hour  or  two  of  the  wound,  the 
prolapse  can  seldom,  in  my  experience,  be  either 
returned  by  manijiulation  or  made  to  retract  by 
eserine  or  atropine. 

It  is  sometimes  important  to  determine  whether  an 
excised  eye  contain  a  foreign  body.  If  nothing  can 
be  found  in  the  blood  or  lymph,  &c.,  by  feeling  with 
a  probe,  it  is  best  to  crush  the  soft  parts,  little  by 
little,  between  finger  and  thumb,  when  the  smallest 
particle  will  be  felt.  If  a  shot  have  entei'ed  and  left 
the  eye,  the  counter-opening  may,  if  recent,  be  found 
from  the  inside,  although  no  irregularity  be  notice- 
able outside  the  eyeball. 
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CHAPTER  XI 

CATARACT 

Cataract  nieans  opacity  of  tlie  crystalline  leus, 
and  is  due  to  changes  in  the  structure  and  composi- 
tion of  the  lens-fibres.  The  capsule  is  often  thi<,'kened, 
but  otherwise  not  much  altered.  The  changes 
seldom  occur  throughout  the  whole  lens  at  once,  but 
begin  first  in  a  certain  region,  e.  g.  the  centre  (nu- 
cleus) or  the  superficial  layers  (cortex),  whilst  in  some 
forms  of  ])artial  cataract  the  change  never  spreads 
beyond  the  part  first  affected. 

Senile  chanc/es  in  the  lens. — With  advancing  age 
the  lens,  which  is  from  birth  firmest  at  the  centre, 
becomes  harder,  and  acquires  a  very  decided  yellow 
colour ;  its  refractive  power  usually  decreases,  its 
surface  reflects  more  light,  and  its  substance  be- 
comes somewhat  fluorescent.  The  result  of  all  these 
changes  is,  that  at  an  advanced  age  the  lens  is  more 
easily  visible  than  in  early  life,  the  pupil  becoming 
greyish  instead  of  being  quite  black.  This  greyness 
of  the  pupil  may  easily  be  mistaken  for  cataract,  but 
ophthalmoscopic  examination  shows  that  the  lens  is 
transparent,  the  fundus  being  seen  without  any  ap- 
j^reciable  haze.  It  has  hitherto  been  supposed  that 
the  lens  became  smaller  in  old  age,  but  the  researches 
of  Priestley  Smith  have  lately  shown  that  the  lens 
continues  to  increase  in  all  dimensions,  so  long  as  it 
remains  ti-ansparent.  As  a  rule, however,  cataractous 
lenses  are  undersized. 

The  consistence  of  a  cataract  depends  chiefly  on 
the  patient's  age.     The  wide  jshysical  differences 
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between  cataracts  depend  less  on  variations  in  the 
cause,  position,  or  character  of  the  opacity  than  on 
the  degree  of  natural  hardness  which  is  proper  to 
the  lens  at  the  time  when  the  ojsacity  sets  in.  Below 
about  thirty-five  all  cataracts  are  "  soft." 

Forms  of  General  Cataract 

(1.)  Nuclear  cataract. — The  opacity  begins  in,  and 
remains  more  dense  at,  the  nucleus  of  the  lens,  thin- 
ning oif  gradually  in  all  directions  towards  the 
cortex  (Fig.  64)  ;  the  nucleus  is  not  really  opaque, 
but  densely  hazy.  As  the  patients  are  genei'ally 
old,  nuclear  cataract  is  usually  senile  and  hard,  and 
also  often  amber-coloured  or  light  brownish,  like 
"  pea-soup  "  fog. 

(2.)  Cortical  cataract. — The  change  begins  in  the 
superficial  parts,  and  generally  takes  the  form  of 
sharply  defined  lines  or  streaks,  or  triangular 
jjatches,  which  point  towards  the  axis  of  the  lens, 
and  whose  shape  is  dependent  on  the  arrangement  of 
the  lens-fibres  (Fig.  65).  They  usually  begin  at  the 
edge  (equator)  of  the  lens  where  they  are  hidden  by 
the  iris,  but  when  large  enough  they  eiicroach  on 
the  pupil  as  whitish  streaks  or  triangular  patches. 
They  affect  both  the  anterior  and  posterior  layers  of 
the  lens,  and  the  intervening  jjarts  may  be  quite 
clear.  Sooner  or  later  the  nucleus  also  becomes 
hazy  (mixed  cataract),  and  the  whole  lens  eventually 
gets  opaque. 

Some  cases  of  the  large  class  known  as  "  senile" 
or  "hard"  cataract  are  nuclear  from  beginning  to 
end,  i.  e.  formed  by  gradual  extension  of  diffused 
opacity  from  the  centre  to  the  surface ;  more  com- 
monly they  are  of  the  mixed  variety. 

A  few  cataracts  beginning  at  the  nucleus,  and 
many  beginning  at  the  cortex,  are  not  senile  in  the 
sense  of  accompanying  old  age,  and  are,  therefore, 
not  hard.  Some  such  are  caused  by  diabetes,  but 
in  many  it  is  impossible  to  say  why  the  lens  should 
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have  become  diseased.*  Meybofor,  observing  that 
opacities  in  the  lens  are  dispro^Jortiouately  coinuion 
in  glass-blowers,  suggests  that  radiant  heat  may  act 
as  a  direct  cause  of  cataract  (1886).  Many  of  them 
are  known  as  "soft"  cataracts  when  complete. 
They  generally  form  quickly,  in  a  few  months.  A 
few  are  congenital.  Whether  nuclear  or  cortical, 
they  are  whiter  and  more  uniform  looking  than  the 
slower  cataracts  of  old  age.  and  the  cortex  often  has 
a  sheen,  like  satin  or  mother-of-pearl,  or  looks  flaky 
like  spermaceti. 

In  some  cortical  cataracts  we  find  only  a  great 
number  of  very  small  dots  or  short  streaks  (dotted 
cortical  cataract).  Occasionally  a  single  large  wedge- 
shaped  opacity  will  form  at  some  part  of  the  cortex 
and  remain  stationary  and  solitary  for  many  years. 
Sometimes  in  suspected  cataract,  though  no  opaque 
striae  are  visible  by  focal  illumination,  one  or  more 
dark  streaks  ("  striae  of  refraction  " — Bowman)  are 
seen  with  the  mirror,  altering  as  its  inclination  is 
varied,  and  having  much  the  same  optical  effect  as 
cracks  in  glass;  these  "flaws"  should  always  be 
looked  on  as  the  beginning  of  cataract. 

Partial  Cataract 

Three  forms  need  special  notice. 

(1.)  Lamellar  (zonular)  cataract  is  a  peculiar  and 
well-marked  form  in  which  the  superficial  laminae 
and  the  nucleus  of  the  lens  are  clear,  a  layer  or  shell 
of  opacity  being  present  between  them  (Fig.  67). 
An  examination  of  three  or  four  specimens  here  aud 
abroad  shows  a  degenerated  layer  between  the 
nucleus  and  cortex ;  in  all  the  cases  the  nucleus  has 
been  found  degenerated,  but  it  is  not  yet  determined 
whether  this  is  due  to  post-mortem  change  or  not 

*  Lowered  blond-supply  from  atheroma  of  the  carotid  lias 
lately  been  suggested  as  a  cause  in  some  cases  (Michel).  Cata- 
ract does  not  seem  to  be  often  related  to  renal  disease ;  but 
when  renal  albuminuria  is  present  in  a  case  of  cataract,  the 
prognosis  for  operation  is  decidedly  less  favorable  than  usual. 
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(Lawford,  Beselin).  It  is  probable  that  the  opacity 
is  present  at  birth  ;  it  certainly  never  forms  late 
in  life.  The  great  majority  of  its  snbjects  give 
a  history  of  infantile  convulsions.  The  size  of 
the  oj^aque  lamella  or  shell,  and  therefore  its  depth 
from  the  surface  of  the  lens,  is  subject  to  much 
variation,  and  it  may  be  much  smaller  than  is 
shown  in  the  Figure.  The  opacity  is  often  stationary 
for  years,  perhaps  for  life,  but  cases  are  some- 
times met  with  in  which  we  cannot  doubt,  from  the 
history,  that  the  opacity  has,  without  extending  per- 
ceptibly, become  more  dense ;  instances  of  lamellar 
opacity  spreading  to  the  whole  lens  are,  however, 
apparently  very  rare. 

(2.)  Pyramidal  cataract. — A  small,  sharply-defined 
spot  of  chalky-white  ojjacity  is  present  in  the  middle 
of  the  pupil  (at  the  anterior  pole  of  the  lens),  looking 
as  if  it  lay  upon  the  capsule.  When  viewed  side- 
ways it  seems  to  be  superficially  embedded  in  the 
lens,  and  also  sometimes  stands  forwards  as  a  little 
nipple  or  pyramid  (Fig. 
62).  It  consists  of  the 
degenerated  j^roducts  of 
a  localised  inflammation 
just  beneath  the  lens-cap- 
sule,  with   the    addition  62.-Pyramiclal  cataract 

of  organised  lymph  de-        seen  from"  the  front  and  in 
rived  from  the  iris  and  section, 
deposited  on  the  front  of 

the  capsule,  the  capsule  itself  being  puckered  and 
folded  (Fig.  63).  It  is  a  stationary  form,  scarcely 
ever  becoming  general. 

Pyramidal  cataract  is  the  result  of  central  per- 
forating ulceration  of  the  cornea  in  early  life,  and 
of  this  ophthalmia  neonatorum  is  neai'ly  always  the 
cause ;  it  is  therefore  often  associated  with  corneal 
nebula.  The  contact  between  the  exposed  part  of 
the  lens-capsule  and  the  inflamed  cornea,  which 
occurs  when  the  aqueous  has  escaped  through  the 
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hole  in  the  ulcer  appears  to  set  up  the  localised 
subcapsular  iufiammation.  Iritis  iu  very  early  life 
may  also  cause  similar  opacities  at 
the  points  of  adhesion  between  the 
iris  and  lens. 

The  term  anterior  polar  cataract  is 
applied  both  to  the  form  just  de- 
scribed and  to  certain  rare  cases  in 
which  general  cataract  begins  at  this 
part  of  the  lens. 

Fig.  G3. — Magnified  section  tlirongli  a  pyra- 
midal cataract,  with  the  immediately  siih- 
jacent  layers.  Tlie  line  parallel  shading 
shows  the  thickness  of  the  opacity,  the 
double  (black  and  white)  outline  is  the  cap- 
sule; above  and  below  are  the  cortical  lens- 
fibres,  many  being  l)roken  up  into  globules 
beneath  the  opacity.  Lying  npon  the 
puckered  capsule  over  the  opacity  is  a  little 
fibrous  tissue,  the  result  of  iritis. 

(3.)  Cataract,  which  afterwards  becomes  general, 
may  begin  as  a  thin  layer,  at  the  middle  of  the  hinder 
surface  of  the  lens  (posterior  polar  cataract)  (Fig. 
66).  There  are  many  varieties,  but  in  general  the  pole 
itself  shows  the  most  change,  the  opacity  radiating 
outwards  from  it  in  more  or  less  regular  spokes. 
The  colour  appears  greyish,  yellowish,  or  even  brown, 
because  seen  through  the  whole  thickness  of  the  lens, 
Sometimes  the  opacity  is  due  to  formations  adherent 
to  the  back  of  the  capsule,  i.  e.  iu  front  of  the 
vitreous  ;  but  this  cau  seldom  be  proved  during  life. 
— Cataract  beginning  at  the  posterior  pole  is  often  a 
sign  of  disease  of  the  vitreous  depending  on  choroidal 
mischief ;  it  is  common  in  the  later  stages  of  retinitis 
jjigmentosa  and  severe  choroiditis,  and  in  high  degrees 
of  myopia  with  disease  of  the  vitreous.  The  pro- 
gnosis, therefore,  should  always  be  guarded  in  a  case 
of  cataract  where  the  principal  part  of  the  ojjacity  is 
in  this  position. 

When  a  cataract  forms  without  known  connection 
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with  other  disease  of  the  eye,  it  is  said  to  be  "pri- 
mary." The  term  secondary  cataract  is  used  when  it 
is  tiie  consequence  of  some  local  disease,  such  as 
severe  iridocyclitis,  glaucoma,  detachment  of  the  retina, 
or  the  g-rowth  of  a  tumour  in  the  eye.  Primary  cata- 
ract is  symmetrical  in  most  cases,  but  an  interval, 
which  may  even  extend  to  several  years,  usually 
separates  its  onset  in  the  two  eyes.  Secondary  cataract, 
of  course,  may  or  may  not  be  symmetrical. 

Diagnosis  of  cataract. — The  subjective  symptoms  of 
cataract  depend  almost  solely  on  the  obstruction  and 
distortion  of  the  entering  light  by  the  opacities. 
Objectively,  cataract  is  shown  in  advanced  cases  by 
the  white  or  grey  condition  of  the  pupil  at  tlie  plane 
of  the  iris ;  in  earlier  stages  by  whitish  opacity  in  the 
lens  when  examined  by  focal  light  (p.  39)  and  by  cor- 
responding dark  portions  (lines,  spots,  or  patches) 
in  the  red  pupil  when  examined  by  the  oplithal- 
moscope  mirror. 

Both  subjective  and  objective  symptoins  differ  with 
the  position  and  quantity  of  the  opacity.  When  the 
whole  lens  is  opaque  the  pupil  is  uniformly  whitish  j 
the  opacity  lies  almost  on  a  level  with  the  i)"is,  no 
space  intervening,  and  consequently,  on  examining 
by  focal  light  we  find  that  the  iris  casts  no  shadow 
on  the  opacity ;  the  brightest  light  from  the  mirror, 
will  not  penetrate  the  lens  in  quantity  enough  to 
illuminate  the  choroid,  and  hence  no  red  reflex  will 
be  obtained.  Such  a  cataract  is  said  to  be  mature 
or  "  ripe,"  and  the  alfected  eye  will  be  in  ordinary 
terms,  "blind."  If  both  cataracts  be  equally  ad- 
vanced, the  patient  will  be  unable  to  see  any  objects ; 
but  he  will  distinguish  quite  easily  between  light  and 
shade  when  the  eye  is  alternately  covered  and  un- 
covered in  ordinary  daylight  (good  perception  of 
light,  p.  l),  and  will  tell  correctly  the  position  of  a 
candle  flame  (good  projection) .  The  pupils  should  be 
active  to  light  and  not  dilated,  the  tension  normal. 

In  a  case  of  incipient  cataract  the  patient  complains 
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of  gradual  failui'e  of  sight, and  wo  find  the  acuteness  of 
vision  (p.  24)  impaired,  probably  more  in  one  eye  than 
in  theotber,  and  moi'e  for  distant  than  fornear  objects. 
In  the  earliest  stages  of  senile  cataract  some  degree 
of  myopia  may  be  developed  (Chap.  XX),  or,  owing  to 
irregular  refraction  by  the  lens,  the  patient  may  see 
with  each  eye  two  or  more  images  of  any  object 
close  together  (polyopia  uniocularis) .  If  he  can  still 
read  moderate  type,  the  glasses  appropriate  for  his 
age  and  refraction,  thougli  giving  some  help,  do  not 
remove  the  defect.  If,  as  is  usual,  he  be  presbyopic, 
he  will  be  likely  to  choose  over-strong  spectacles,  and. 
to  place  objects  too  close  to  his  eyes,  so  as  to  obtain 
larger  retinal  images  (p.  13),  and  thus  compensate 
for  want  of  clearness.  In  nuclear  cataract,  as  the 
axial  rays  of  light  are  most  obstructed,  sight  is  often 
better  when  the  pupil  is  rather  large,  and  such 
patients  tell  us  that  they  see  better  in  a  dull  light,  or 
with  the  back  to  the  window,  or  when  shading  the 
eyes  with  the  hand.  In  the  cortical  and  more  dif- 
fused forms  this  symptom  is  less  marked. 

On  examining  by  focal  light  (the  pupil  having 
been  dilated)  an  immature  nuclear  cataract  appears 
as  a  yellowish,  rather  deeply-seated  haze,  upon  which 
a  shadow  is  cast  by  the  iris  on  the  side  from  which 
.the  light  comes  (3,  Fig.  64).    On  now  using  the 
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Yia.  64.— Nuclear  cataract.  1.  Section  of  lens ;  opacity  densest 
at  centre.  2.  Opacity  as  seen  by  transmitted  light  (oph- 
thalmoscope mirror)  with  dilated  pupil.  3.  Opacity  as 
seen  by  reflected  light  (focal  illumination).  The  pupil  is 
supposed  to  be  dilated  by  atropine. 

mirror  this  same  opacity  appears  as  a  dull  blur  in 
the  area  of  the  red  pupil,  darkest  at  the  centre,  and 
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gradually  tliinning  off  on  all  sides,  so  that,  at  the 
margin  of  the  pupil,  the  full  red  choroidal  reflex  may 
still  be  present;  the  details  of  the  ftindus,  if  still 
visible,  are  obscured  by  the  hazy  lens,  the  haze  being 
thickest  when  -we  look  through  the  centre  of  the  pupil 
(2,  rig.  64).  If  the  opacity  be  dense  and  large,  a 
faint  dull  redness  will  be  visible,  and  that  only  at  the 
boi-der  of  the  pupil. 

Cortical  opacities,  if  small  and  confined  to  the 
equator  (or  edge)  of  the  lens,  do  not  interfere  with 
sight ;  they  are  easily  detected  with  a  dilated  pupil 
by  throwing  light  very  obliquely  behind  the  iris. 
When  large  and  encroaching  on  the  pupil  they  are 
visible  in  ordinary  daylight.  They  occur  in  the  form 
of  dots,  streaks,  or  wedges  ;  seen  by  focal  light  they 
are  white  or  greyish,  and  more  or  less  sharply  defined 
accoi'ding  as  they  are  in  the  anterior  or  posterior 
layers  (3,  Pig.  65).    With  the  mirror  they  appear 
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Fig.  65. — Cortical  cataract.    References  as  in  preceding  figure. 


black  or  greyish,  and  of  rather  smaller  size  (2,  Fig. 
65)  ;  and  if  the  intervening  substance  be  clear,  the 
details  of  the  fundus  can  be  seen  sharply  between  the 
bars  of  opacity.  Some  forms  of  cataract  begin  with 
innumerable  minute  dots  in  the  cortical  layer. 

Posterior  i^olar  opacities  are  seldom  visible  without 
careful  focal  illumination,  when  we  find  a  patchy  or 
stellate  figure  very  deeply  seated  in  the  axis  of  the 
lens  (3,  Fig.  66)  ;  if  large  it  looks  concave  like  the 
bottom  of  a  shallow  cup.  With  the  mirror  it  is  seen 
as  a  dark  star  (2,  Fig  66),  or  network,  or  irregular 
patch,  but  smaller  than  when  seen  by  focal  light. 

The  diagnosis  of  lamellar  cataract  is  easy  if  its 
nature  be  miderstood,  but  by  beginners  it  is  often 
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diagnosed  as  "  nuclear."  The  patients  are  generally 
childi'cn  or  young  adults;  they  complain  of  "near 


Fiu.  (JU. — Posterior  polar  cataract.    References  as  before. 

sight"  rather  than  of  "  cataract ;  "  for  the  opacity  is 
not  Msually  very  dense,  and  whether  the  refraction 
of  their  eyes  be  really  myopic  or  not,  they  (like  other 
cataractous  patients)  compensate  for  dull  retinal 
images  by  holding  the  object  nearer,  and  so  increasing 
the  size  of  the  images  (p.  13).  The  acuteness  of 
vision  is  always  defective,  and  cannot  be  fully  reme- 
died by  any  glasses.  They  often  see  rather  better 
when  the  pupils  are  dilated  either  by  shading  the 
eyes  or  by  means  of  atropine ;  in  the  latter  case 
convex  glasses  (+4  or  +  4D.)  are  necessary  for 
reading.  The  pupil  presents  a  deeply-seated,  slight 
greyness  (4,  Fig.  67),  and  when  dilated  with  atro- 
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Fig.  07. — Lamellar  cataract.  Figs.  1,  2,  3,  as  before.  ¥ig.  4 
sliows  slight  greyness  of  tbe  undilated  pnpil  owing  to  tbe 
layers  of  opacity  being  deeply  seated. 


pine  the  outline  of  the  shell  of  o^jacity  is  exposed 
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•within  it.  This  opacity  is  shai'ply  defined,  circular 
and  whitish  by  focal  light,  interspersed,  in  many 
cases,  with  white  sj)ecks,  which  at  its  equator  appear 
as  little  projections  (3,  Fig.  67).  By  focal  illumina- 
tion we  easily  make  out  that  the  oj^acity  consists  of 
two  distinct  layers,  that  there  is  a  layer  of  clear  lens 
substance  (cortex)  in  front  of  the  anterior  layer,  and 
that  the  margin  (equator)  of  the  lens  is  clear.  By 
the  mirror  the  opacity  appears  as  a  disc  of  nearly 
uniform  greyish  or  dark  colour,  sometimes  with  pro- 
jections, or  darker  dots,  and  surrounded  by  a  zone  of 
bright  red  reflexion  from  the  fundus  corresponding 
to  the  clear  margin  of  the  lens  (2,  Fig.  67).  The 
opacity  often  appears  rather  denser  at  its  boundary, 
a  sort  of  ring  being  formed  there  ;  and  in  some  cases 
quite  large  spicules  or  patches  project  from  the 
part.  Not  only  does  the  size  of  the  opaque  lamella, 
and,  therefore,  its  depth  from  the  sin-face  of  the 
lens,  differ  greatly  in  difterent  cases,  but  its  thiclc- 
ness  or  degree  of  opacity  varies  also.  The  disease  is 
nearly  always  symmetrical  in  the  two  eyes.  Occa- 
sionally there  are  two  shells  of  opacity,  one  within 
the  other,  separated  by  a  certain  amount  of  clear 
lens  substance. 

The  lens  may  be  cataraotous  at  birth  (congenital 
cataract).  This  form,  of  which  there  are  several 
varieties,  is  nearly  always  symmetrical,  and  generally 
involves  the  whole  lens.  Often  the  development  of 
the  eyeball  is  defective,  and  though  there  are  no 
synechise,  the  iris  may  act  badly  to  atropine.  Cases 
are  seen  from  time  to  time  in  which  juvenile  or 
perhaps  congenital  cataract  appears  in  many  mem- 
bers of  a  family,  even  in  several  generations. 

Prognosis  of  cataract. — a.  Conrse. — Although  opa- 
cities in  the  lens  never  clear  up,*  they  advance  with 
very  varying  rapidity  in  diflferent  cases.  As  a  rough 
rule,  the  progress  of  a  general  cataract  is  ra]Md  in  pro- 
portion to  the  youth  of  the  patient.  Cataracts  in  old 
*  Except  sometimes  in  diabetes  (Chap.  XXIII). 
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people  conimouly  take  from  one  to  three  years  in 
reaching  maturity — sometimes  much  longer;  there 
are  cases  of  nuclear  senile  cataract  where  the  opacity 
never  spreads  to  the  cortex,  and  tlie  cataract  never 
becomes  "  complete,"  though  it  may  become  dry  and 
"  ripe  "  for  operation.  If  the  Jens  be  allowed  to 
remain  very  long  after  it  is  opaque,  further  degene- 
rative changes  generally  occur  ;  it  may  become  harder 
and  smaller,  calcareous  and  fatty  granules  being 
formed  in  it;  or  the  cortex  may  liquefy  whilst  the 
nucleus  remains  hard  {Monjaxjuian  cataract).  A 
cong(niital  cataract  muy  undergo  absorption  and 
shrink  to  a  tbin,  firm,  membranous  disc.  Soft  cata- 
ract in  young  adults,  from  whatever  cause,  is  gene- 
rally complete  in  a  few  months. 

h.  Sight. — The  prognosis  after  operation  is  good 
when  there  is  no  other  disease  of  the  eye,  and  when 
the  patient  (although  advanced  in  yeai's)  is  in  fair 
general  health.  It  is  not  so  good  in  diabetes,  nor 
when  the  patient  is  in  obviously  bad  health,  the  eyes 
being  then  less  tolerant  of  operation. — In  the  la- 
mellar and  other  congenital  varieties,  it  must  be 
guarded,  for  the  eyes  are  often  defective  in  other  re- 
spects, and  sometimes  very  intolerant  of  operation  ; 
the  intellect,  too,  is  sometimes  defective,  rendering 
the  patient  less  able  to  make  proper  use  of  his  eyes. 
— In  ti-aumatic  cataract  of  course  everything  depends 
on  the  details  of  the  injury  (pp.  151,  180),  but  as  a 
rule  the  younger  the  patient  the  better  the  prospect 
of  a  quiet  and  uncomplicated  absori^tion  of  the  lens. 

In  every  case  of  immature  cataract,  the  vitreous 
and  fvindus  should  be  carefully  examined  by  the 
ojihthalmoscope,  and  the  refraction  ascertained.  The 
presence  of  high  myopia  is  unfavorable,  and  the  same 
is  true  of  opacities  in  the  vitreous,  indicating,  as  they 
usvially  do,  that  it  is  fluid.  Any  disease  of  the  cho- 
roid or  retina  will,  of  course  be  i^rejudicial  in  pro- 
portion to  its  position  and  extent.  In  every  case 
isef ore  deciding  to  operate  the  state  of  the  conjunc- 
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tiva  and  lacrimal  passages  (p.  176),  the  tension  of 
the  eye,  and  the  size  and  mobility  of  the  pupils  to 
light,  are  to  be  carefully  noted. 

Jh-eatment. — In  the  early  stages  of  senile  and  nuclear 
cataract,  sight  is  improved  by  keeping  the  pupil 
moderately  dilated  with  a  weak  mydriatic  solution 
(one  eighth  of  a  grain  of  atropine  to  the  ounce),  used 
about  three  times  a  week.  Dark  glasses,  by  allowing 
some  dilatation  of  the  pupil,  also  assist.  Stenopaic 
glasses  are  sometimes  useful.  With  these  exceptions, 
nothing  except  operative  treatment  is  of  any  use. — 
The  management  of  lamellar  cataract  requires  sejja- 
rate  description. 

Operations  for  the  removal  of  cataract  are  of  three 
kinds  :  (1)  Extraction  of  the  lens  entire  through  a 
large  wouud  in  the  cornea,  or  at  the  sclero-corneal 

O  ... 

junction,  the  lens-capsule  remaining  behind.  By  a 
few  operators  the  lens  is  removed  entire  in  its  cap- 
sule. (2)  For  soft  cataracts,  gradual  absorption,  by 
the  agency  of  the  ac[ueous  luimour  admitted  through 
needle  punctures  in  the  capsule,  just  as  after  acci- 
dental tratimatic  cataract  (needle  operations,  solu- 
tion, discission).  The  operation  needs  repetition  two 
or  three  times,  at  intervals  of  a  few  weeks,  and  the 
whole  process  therefore  occupies  three  or  four 
months.  (3)  For  soft  cataracts,  removal  by  a,  siiction 
syringe  or  curette,  introduced  into  the  anterior 
chamber  through  a  small  wound  near  the  margin  of 
the  cornea,  the  whole  lens  having,  if  thought  neces- 
sary, been  freely  broken  tap  by  a  discission  ojjeration 
a  few  days  previously  (Chap.  XXII). 

Extraction  is  necessary  for  cataracts  after  about 
the  age  of  forty.  The  lens  from  this  age  onwards 
is  so  firm  that  its  absorption  after  discission  occupies 
a  much  longer  time  than  in  childhood  and  youth  ; 
moreover,  as  already  stated,  the  swelling  of  the  lens 
after  wound  of  the  capsule,  is  less  easily  borne  as  age 
advances,  and  hence  solution  operations  become  not 
only  slower  but  attended  by  more  danger,  Indeed, 
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thougli  suction  and  solution  operations  arc  applic- 
able up  to  about  the  age  of  thirty-five,  extraction  is 
often  practised  in  preference  at  a  much  earlier  age. 
Suction  is  more  difficult,  and  is  thought  by  some  to 
be  attended  by  more  risk  of  irido-cyclitis  than  the 
"  solution "  operation  ;  its  advantage  lies  in  its 
saving  of  time,  almost  the  whole  lens  being  removed 
at  one  sitting.  Evacuation  along  the  groove  of  a 
curette  barely  passed  through  the  wound  is  a  very 
safe  proceeding. 

If  one  eye  present  a  coinplete  catai-act  whilst  the 
sight  of  the  other  is  perfect,  or  at  least  serviceable, 
removal  of  the  cataract  will  confer  little  immediate 
benefit  to  the  patient.  Indeed,  if  one  eye  be  still 
fairly  good,  the  patient  will  often  be  dissatisfied  by 
finding  his  operated  eye  less  useful  than  he  expected, 
perhaps  even  not  so  useful  as  the  other.  In  senile 
cataract,  therefore,  it  is  usually  best  not  to  operate 
so  long  as  the  lens  of  the  other  eye  remains  nearly 
clear  ;  but  so  soon  as  it  becomes  sufficiently  affected 
to  interfere  seriously  with  vision,  extraction  of  the 
cataract  from  the  first  eye  is  advisable,  provided  that 
the  patient  has  a  fair  prospect  of  life.  The  cataract 
in  the  first  eye  may  be  over-ripe  and  less  favorable 
for  operation,  if  it  be  left  until  the  second  eye  be 
quite  ready.  The  removal  of  a  single  cataract  in 
young  persons  is  often  expedient  on  account  of 
appeai'ance.  In  all  cases  of  single  cataract  it  must 
be  explained  that  after  the  operation  the  two  eyes 
will  not  work  together  on  account  of  the  extreme 
dift'ereuce  of  refraction.    (/See  Anisometropia.) 

Even  when  both  cataracts  are  mature  at  the  same 
time,  it  is  safer  to  remove  only  one  at  once,  because 
the  after-treatment  is  more  easily  carried  out  upon 
one  eye  than  both,  and  because  after  the  double 
operation  any  viutoward  result  in  one  eye  adds  to  the 
difficulty  of  managing  its  fellow  ;  while  a  bad  result 
after  single  extraction  enables  us  to  take  especial 
precautions,  or  to  modify  the  operation  for  the 
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second  eye.  Even  if  the  patient  be  so  old  or  feeble 
that  the  second  eye  may  never  come  to  operation, 
we  shall  consult  his  interests  better  by  endeavouring 
to  give  him  one  good  eye  than  by  risking  a  bad  re- 
sult in  attempting  to  restore  both  at  the  same 
time. 

Cataract  occurring  after  the  age  of  forty  can  seldom 
be  safely  extracted  until  it  is  complete  or  "  ripe  " 
(p.  167).  The  transparent  portions  of  an  immature 
cataract  cannot  be  completely  removed,  partly  be- 
cause they  are  sticky,  partly  because  they  cannot  be 
seen  ;  and,  remaining  behind  in  the  eye,  they  act  as 
irritants  and  often  set  up  iritis.  Incomplete  juvenile 
cataract  (e.g.  lamellar  cataract)  may  be  safely  rijiened 
by  tearing  the  capsule  with  a  needle  (see  Discission 
and  Suction)  ;  but  hard  cataract  cannot  be  so  treated 
because  the  lens  is  too  hard  to  absorb  the  aqueous 
well,  and  the  senile  eye  is  iutolerent  of  injury  to  the 
lens  (p.  180). 

Several  years  ago.  Professor  Forster,  of  Breslau,  jjroposed 
a  plan  for  hastening  the  completion  of  very  slow  senile  cata- 
racts ;  immediately  after  the  iridectomy  he  brnises  the  lens  by 
rubbing  the  cornea  firmly  over  the  pupil  with  a  cataract  spoon 
or  other  smooth  instrument ;  the  capsule  is  not  ruptured,  but 
the  lens-fibres  are  broken  up  or  so  changed  that  they  often 
become  opaque  a  few  weeks  or  months  after.  Priestley  Smith 
and  others  adopt  the  safer  plan  of  bruising  the  lens  directly  by 
means  of  a  small  bulbous  spatula  passed  through  the  corneal 
wound.  These  methods  are  very  uncertain,  sometimes  having  no 
effect,  but  the  latter  modification  may  be  employed  without  risk 
in  suitable  cases.  More  recently  McKeown  and  Wickerkiewicz 
have  advocated  the  plan  of  washing  out  the  capsule,  alter 
expulsion  of  the  bulk  of  the  lens,  by  means  of  a  stream  of 
water  or  weak  antiseptic  lotion ;  either  a  syringe  or  syphon 
may  be  used.  The  authors  hope  that  this  proceeding,  by  facili- 
tating the  removal  of  clear  cortical  matter,  will  render  the 
extraction  of  immature  senile  cataract  safe  and  expedient.  It 
must  be  borne  in  mind,  however,  that  the  lens  substance  is  more 
sticky  and  ylherent  to  the  capsule  when  clear,  and  tliat  there- 
fore, it  may  be  most  difficult  of  removal  by  this  method,  as  by 
others,  just  when  its  removal  is  most  important.  Tlie  method 
is  being  largely  tried  by  several  operators. 
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Tho  principal  causes  of  failure  after  extraction  of 
cataract  are — 

(1.)  Hcemorrhage  between  the  choroid  and  sck-rotic 
coming  on,  usually  with  severe  |)ain,  immediately 
after  the  operation.  The  blood  fills  the  eyeball,  and 
often  oozes  from  the  wound  and  soaks  through  the 
bandage. 

(2.)  Supimration,  beginning  in  the  corneal  wound, 
spreading  to  the  iris  and  vitreous,  and  in  many  to  the 
entire  cornea,  and  ending  in  total  loss  of  the  eye. 
It  occasionally  takes  a  less  rapid  course,  and  stojjs 
short  of  a  fatal  result.  Tlie  alarm  is  given  in  from 
twelve  hours  to  about  three  days  after  operation  by 
the  occurreuce  of  pain,  inflammatory  oedema  of  the 
lids  (particularly  the  free  border  of  the  upper  lid), 
and  the  appearance  of  some  muco-purulent  discharge. 
On  raising  the  lid  the  eye  is  found  to  be  greatly  con- 
gested, its  conjuiTctiva  OBderaatous,  the  edges  of  the 
wound  yellowish,  and  the  cornea  steamy  and  hazy. 
In  very  rapid  cases  the  pupil,  especially  near  to  the 
wound,  will  already  be  occupied  by  lymph.  Supj^u- 
ration  is  probably  always  caused  by  infection,  though 
the  source  of  the  mischief  of  course  often  remains 
hidden.  Chronic  dacryocystitis  (p.  76)  is  a  very, 
dangerous  concomitant  of  cataract  operations,  the  pus 
escaping  through  the  puncta  and  infecting  the  wound. 
Supjiuration  is  more  probable  if  the  wound  lie  in 
clear  corneal  tissue  than  if  it  be  partly  scleral,  and  if 
the  patient  be  in  bad  or  feeble  health. 

Tlie  use  of  hot  fomentations  for  an  hour  three  or 
four  times  a  day,  leeches,  if  there  be  much  pain,  and 
internally  a  purge,  followed  by  quinine  and  ammonia, 
and  wine  or  brandy  if  the  patient  be  feeble,  should 
be  at  once  resorted  to.  As  to  other  measures, 
opinions  differ.  Prom  what  I  have  seen  of  my  own 
and  others'  cases  I  am,  at  present,  inclined  to  agree 
with  Horner  and  those  Avho  direct  most  attention  to 
the  vigorous  antiseptic  treatment  of  the  wound  itself; 
I  have  found  that  the  actual  (galvano-)  cautery 
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applied  deeply  along  the  whole  length  of  the  wound 
is  more  successful  than  any  other  measures,  assisted, 
however,  by  hot  fomentations,  and  the  use  of  iodoform 
or  of  weak  lotions  of  chloride  of  zinc  or  bichloride  of 
mercury,  and  by  leaving  the  eye  open.*  Bat  only  in 
the  cases  of  moderate  rapidity  a,nd  intensity  can  we 
hope,  even  partly,  to  arrest  the  disease,  for  the  great 
majority  of  these  cases  go  on  to  suppurative  panoph- 
thalmitis, or  to  severe  jilastic  irido-cyclitis  with 
opacity  of  cornea  and  shrinking  of  the  eyeball. 

(3.)  Iritis  may  set  in  between  about  the  fourth 
and  tenth  days.  Here  also  pain,  oedema  of  the  eye- 
lids, and  chemosis  are  the  earliest  symptoms.  There 
is  lacrimation,  but  no  muco-jjurulent  discharge,  and 
the  cornea  and  wound  usually  remain  clear.  The 
iris  is  discoloured  (unless  it  happen  to  be  naturally 
greenish  brown),  and  the  pupil  dilates  badly  to  atro- 
pine. Whenever,  in  a  case  presenting  such  symptoms, 
a  good  examination  is  rendered  difficult  on  account 
of  the  photophobia,  iritis  should  be  suspected.  If 
the  early  symptoms  are  severe,  a  few  leeches  to 
the  temple  are  very  useful.  Atropine  and  warmth 
are  the  best  local  measures.  If  atropine  irritate 
(p.  97),  daturine  or  duboisine  should  be  tried  (F. 
32,  33). 

This  inflammation  is  plastic,  ending  in  thefonna- 
tion  of  nioi'e  or  less  dense  membrane  in  the  pupil. 
Such  membrane  by  contracting  and  drawing  the  iris 
with  it  towards  the  operation  scar,  often  contracts 
and  displaces  the  pupil  (Fig.  161  shows  this  in  an 
extreme  degree).  The  membrane  is  formed  j^artly 
by  exudation  from  the  iris  and  ciliary  processes 
{iritif,  cyclitis),  partly  by  the  lens-capsule  and  its 
proliferated  endothelial  cells  {capsulitis).  Mixed 
forms  of  chronic  keratitis  and  iritis  sometimes  occur, 
the  corneal  haze  spreading  from  the  wound,  in  the 
form  of  long  lines  or  stripes.    Iritis  of  ob.stinately 

*  Mr  C.  T.  Collins,  our  House  Surgeon  at  Moorfields,  sug- 
gested to  me  the  last-named  measure. 
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plastic  type  is  liable  to  occur  after  extraction  of 
cataract  in  diabetes. 

(4.)  The  iris  may  become  incarcerated  in  or  pro- 
lapse through  the  wound  at  the  operation,  or  a  few 
days  afterwards  by  the  reopening  of  a  weakly 
united  wound.  When  iridectomy  has  been  done  the 
prolapse  appears  as  a  little  dark  bulging  at  one  or 
both  ends  of  the  wound,  and  often  causes  prolonged 
irritability,  without  actual  iritis.  The  best  treatment 
is  to  draw  the  protruding  part  further  out,  and  to  cut 
it  oft"  as  freely  as  possible,  as  in  accidental  wounds 
(p.  160).  The  occurrence  of  prolapse  is  a  reason 
for  keeping  the  eye  tied  up  longer.  The  capsule  also 
may  be  incarcerated  in,  or  adherent  to  the  wound 
after  extraction,  suction,  or  curette  (simple  linear) 
extraction. — After  oj^erations  are  needed  if  the  pupil 
be  much  obstructed  by  capsular  opacities  or  by  the 
results  of  iritis  ;  but  nothing  should  be  done  until 
active  symptoms  have  subsided  and  the  eye  been 
quiet  for  some  weeks. 

Sight  after  the  removal  of  cataract. — In  accounting 
for  the  state  of  the  sight  we  have  to  remember,  that 
the  acuteness  of  sight  naturally  decreases  in  old 
age  (p.  24)  ;  that  slight  iritis,  producing  a  little 
filmy  opacity  in  the  pupil,  is  common  after  extrac- 
tion ;  and  that  some  eyes,  with  good  sight,  remain 
irritable  for  long  after  the  operation,  and  therefore 
cannot  be  much  used.  Thus,  jjutting  aside  the 
graver  complications,  we  find  that,  even  of  the  eyes 
which  do  best,  only  a  moderate  proportion  reach 
normal  acuteness  of  vision.  Cases  are  considered 
good  when  the  patient  can  with  his  glasses  read 
anything  between  Nos.  1  and  14  Jaeger  and  ^ 
Snellen  ;  but  a  much  less  satisfactory  result  than 
this  is  very  useful.  About  5  per  cent,  of  the  eyes 
operated  upon  are  lost  from  various  causes.  The 
eye  is  rendered  extremely  hypermetropic  by  removal 
of  the  lens,  and  frequently  there  is  a  good  deal  of 
astigmatism  due  to  flattening  of  that  meridian  of 
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the  comea  wliicli  is  at  a  right  augle  with  the  opera- 
tion-wound.  Strong  convex  glasses  are  necessary 
for  clear  vision  ;  these  should  seldom  be  allowed 
until  three  months  after  the  operation,  and  at  first 
they  should  not  be  continuously  worn.  Two  pairs 
are  needed  :  one  makes  the  eye  emmetropic,  and  gives 
clear  distant  vision  (-f-  10  or  11  D.)  ;  the  other 
(about  +  16  D.)  is  for  reading,  sewing,  &c.,  at 
about  10"  (25  cm.),  as  during  strong  accommodation. 
When  there  is  astigmatism  it  should  usually  be 
corrected.  As  all  accommodation  is  lost,  the  patient 
has  no  range  of  distinct  vision. 

Lamellar  cataract. — If  the  patient  can  see  enough 
to  get  on  fairly  well  at  school,  or  in  his  occupation, 
it  may  be  best  not  to  operate ;  but  when,  as  is  the  rule, 
the  opacity  is  dense  enough  to  interfei'e  seriously 
with  his  pi'ospects,  something  must  be  done.  The 
choice  lies  between  artificial  pupil  when  the  clear 
mai'gin  is  wide  and  qviite  free  from  spicules,  and  solu- 
tion or  extraction  when  it  is  narrow,  or  when  large 
spicules  of  opacity  project  into  it  from  the  oj)aque 
lamella  (Fig.  67).  It  is  difficult  to  say  which 
method  gives  on  the  whole  the  better  results,  and  we 
must  judge  each  case  on  its  own  mei'its.  If  atro- 
pine, by  dilating  the  pupil,  improves  the  sight,  an 
artificial  pupil,  made  by  removing  the  iris  quite  up 
to  its  ciliary  border,  will  generally  be  beneficial  ; 
the  clear  border  of  the  lens  is  thus  exposed  in  the 
coloboma,  and  light  passes  through  it  more  readily 
than  through  the  hazy  part.  A  very  good  rule  is  to 
operate  on  only  one  eye  at  a  time,  thus  allowing  the 
choice  of  a  different  operation  on  its  fellow.  My  own 
experience  is  decidedly  in  favour  of  removing  the  lens 
in  the  majority  of  cases. 

When  a  cataractous  eye  is  absolutely  blind  (no 
p.  1.,  see  p.  25),  some  more  deeply-seated  disease 
must  be  present,  and  no  operation  should  be  under- 
taken ;  and  when  projection  and  p.  1.  are  bad  (p.  167) 
great  caution  is  needed. 
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Cataract  following  injury. — ■Severe  blows  on  the 
eye  may  be  followed  by  opacity  of  the  lens,  the  cap- 
sule and  often  the  suspensory  ligament  being  no 
doubt  torn  in  some  part  (concussion  cataract)  (p. 
152).     Lawford  has  shown  that  rupture  of  the 
posterior  capsule  may  occur  from  a  blow,  while  the 
anterior  capsule  remains  intact  ('  Ophth.  Rev.,'  vi, 
281).  Sucli  a  cataract  may  remain  incomplete  and  sta- 
tionary for  an  indefinite  period,  but  often  it  becomes 
complete.    Traumatic  cataract  proper  is  the  result 
of  wound  of  the  lens-capsule ;  the  aqueous  passing 
through  the  aperture  is  imbibed  by  the  lens-fibres, 
which  swell  up,  become  opaque,  and  finally  disinte- 
grate and  are  absorbed.    The  opacity  begins  within 
a  few  hours  of  the  wound  ;  it  progresses  quickly  in 
proportion  as  the  wound  is  large,  and  the  patient 
young ;  but  both  the  symptoms  and  consequences 
are  often  moi'e  severe  in  old  persons.    A  free  wound 
of  the  capsule,  followed  by  rapid  swelling  of  the 
whole  lens,  may  give  rise,  especially  after  middle 
life,  to  severe  glaucomatous  symptoms  and  iritis. 
In  from  three  to  six  months  a  wounded  lens  will 
generally  be  absoi'bed,  and  nothing  but  some  chalky - 
looking  detritus  remain   in   connection   with  the 
capsule.    A  very  fine  puncture  of  the  lens  is  occa- 
sionally followed  by  nothing  more  than  a  small  patch 
or   narrow  track   of   opacity,  or  by  very  slowly 
advancing  genei'al  haze.  Occasionally  partial  opacities 
of  the  lens  caused  by  injury  clear  up  entirely.  The 
objects  of  treatment  are  to  prevent  iritis  by  atropine, 
and  by  leeching,  if  there  be  j^aiu  (p.  133)  ;  it  is 
usually  safest  to  leave  the  wounded  lens  to  become 
absorbed,  but  we  must  be  prepared  to  extract  it  by 
linear  opera,tion  or  suction,  at  any  time,  should 
glaucoma,  iritis,  or  severe  irritation  jii'ise.     A  con- 
cussion   cataract,  however,  is   seldom  completely 
absorbed  ;  the  lens  nhrinks  and  may  then  become 
loosened,  and  fall  either  into  the  vitreous  or  aqueous 
chamber.    I  believe,  therefore,  that  it  is  usually  best 
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to  remove  by  operation  a  cataract  following  a  blow. 
It  will  often  be  observed,  in  both  these  forms  of 
cataract,  that  the  ojiacity  appears  at  the  posterior 
surface  of  the  lens  quite  early,  whether  the  wound- 
have  penetrated  deeply  or  not. 

Dislocation  of  the  lens  in  its  capsule  is  usually 
caused  by  a  blow  on  the  eye,  but  may  be  spontaneous, 
or  congenital ;  in  eitber  case  it  is,  as  a  rule,  only 
])artial.  The  iris  is  often  tremulous  where  its  sup- 
port is  lost  (p.  152),  and  bulged  forward  at  some 
other  part  where  the  lens  rests  against  it ;  by  focal 
light,  or  by  the  ophthalmoscope,  the  free  edge  of  the 
lens  can  be  seen  as  a  curved  line  passing  across  the 
puj^il  ;  more  easily  if  the  pupil  be  dilated.  More 
rarely  the  dislocation  is  complete,  either  into  the 
viti-eous  or  into  the  anterior  chamber.  A  full-sized 
lens  dislocated  into  the  anterior  chamber  causes 
acute  glaucoma.  Glaucoma,  acute  or  chronic,  may 
also  follow  at  any  time  after  a  dislocation,  either 
partial  or  complete,  into  the  vitreous.  Dislocated 
lenses  often  become  ojjaque  and  shrunken,  and  then 
either  remain  loose  or  become  adherent,  and  in 
either  event  are  likely,  sooner  or  later,  to  set  up  irri- 
tation and  pain.  Such  a  lens  may  sometimes  be 
made  to  pass  at  will  through  the  pujiil  by  altering 
the  position  of  the  head.  The  edge  of  a  transparent 
lens  in  the  vitreous  appears  (by  the  mirror)  as  a 
dark  line  ;  when  in  the  anterior  chamber  it  appears 
as  a  bright  line  (by  focal  illumination).  Congenital 
dislocation  of  the  lens  is  often  accompanied  by  other 
defects  of  development,  such  as  coloboma. 

For  dislocation  of  lens  beneath  conjunctiva  in  ru-p- 
ture  of  eye,  see  p.  151. 
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CHAPTEE  XIT 

DISEASES  OP  THE  CHOROID 

The  choroid  is,  next  to  tlie  ciliary  processes,  the 
most  vascular  part  of  the  eyeball,  and  from  it  the 
outer  layers  of  the  retina  certainly,  and  the  vitreous 
humour  probably,  are  mainly  nourished.  Inflamma- 
tory and  degenerative  changes  often  occur,  some  of 
them  entirely  local,  as  in  myopia,  others  symptomatic 
of  constitutional  or  of  generalised  disease,  such  as 
syphilis  and  tuberculosis.  Choroiditis,  unlike  in- 
flammation of  its  continuations,  the  ciliary  body 
and  iris,  is  seldom  shown  by  external  congestion  or 
severe  pain  ;  and  as  none  of  its  symptoms  ai-e  cha- 
racteristic, the  diagnosis  rests  chiefly  on  ophthalmo- 
scopic evidence. 

Blemishes  or  scars,  permanent  and  easily  seen, 
nearly  always  follovr  disease  of  the  choroid,  and  such 
spots  and  patches  are  often  as  useful  for  diagnosis 
as  cicatrices  on  the  skin,  and  deserve  as  careful 
study.  The  I'etina  lying  over  an  inflamed  choroid 
often  takes  on  active  changes,  or  becomes  atrophied 
afterwards ;  but  in  other  cases,  marked  by  equally 
severe  changes,  the  retina  is  uninjured.  Indeed, 
there  is  sometimes  difficulty  in  deciding  which  of 
these  two  structures  was  first  affected,  especially 
as  changes  in  the  pigment  epithelium,  which  is  really 
part  of  the  retina,  are  as  often  the  result  of  deep- 
seated  retinitis,  or  retinal  haemorrhage,  as  of  super- 
ficial choroiditis.  Patches  of  accumulated  pigment, 
though  usually  indicating  spots  of  former  choroiditis, 
are  sometimes  the  result  of  bleeding,  either  from 
retinal  or  choroidal  vessels,  and  their  correct  inter- 
pretation may  therefore  be  difiicult. 
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Appearances  in  health. — The  choroid  is  composed 
chiefly  of  blood-vessels  and  of  cells  containing  dark 
brown  pigment.  The  quantity  of  pigment  varies 
in  difiereut  eyes,  and  to  some  degree  in  different 
parts  of  the  same  eye  ;  it  is  scanty  in  early  child- 
hood, and  in  persons  of  fair  complexion  ;  more  abun- 
dant in  persons  with  dark  or  red  hair,  brown  irides, 
or  freckled  skin  ;  more  plentiful  in  the  region  of  the 
3'ellow  spot  than  elsewhere.  In  old  age  the  pigment 
epithelium  becomes  paler.  When  examining  the 
choroid  we  need  to  think  of  four  parts:  (1)  the 
retinal  pigmented  epithelium  (which  is  for  ophthal- 
moscopic purposes  choroidal),  seen  in  the  erect 
image  as  a  fine  darkish  stippling  ;  (2)  the  capillary 
layer  (chorio-capillaris),  just  beneath  the  epithelium, 
forming  a  very  close  mesh  work,  the  separate  vessels 
of  which  are  not  visible  in  life ;  (3)  the  larger  blood- 
vessels, often  easily  visible  ;  (4)  the  pigmented  con- 
nective-tissue cells  of  the  choroid  proj)er,  which  lie 
between  the  larger  vessels. 

In  the  majoi'ity  of  eyes  these  four  structures  are 
so  toned  as  to  give  a  nearly  unifoi'm,  full  red  colour 
by  the  ophthalmoscope,  blood-colour  predominating, 
lu  very  dark  races  the  pigment  is  so  excessive  that 
the  fundus  has  an  uniform  slaty  colour.  In  very 
fair  persons  (and  young  children)  the  deep  pigment 
(4-)  is  so  scanty  that  the  large  vessels  are  sej)arated 
by  spaces  of  lighter  colour  than  themselves  (Fig. 
34).  In  dark  persons  these  same  spaces  are  of  a 
deeper  hue  than  the  vessels,  the  latter  appearing  like 
light  streams  sejjarated  by  dark  islands  (see  upper 
part  of  Fig.  70).  Near  to  the  disc  and  y.  s.  the  vessels 
are  extremely  abundant  and  very  tortuous,  the  inter- 
spaces being  small  and  irregular  ;  but  towai'ds  and 
in  front  of  the  equator  the  veins  take  a  nearly 
straight  course,  converging  towards  the  ve7iai  vorti- 
cosss,  and  the  islands  are  larger  and  elongated.  The 
veins  are  much  more  numerous  and  larger  than  the 
arteries  (Fig.  69),  but  we  cannot  often  distinguish 
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between  tbem  in  life.  The  vessels  of  the  choroid, 
unlike  those  of  the  retina,  present  no  light  streak 
along  the  centre  (c/.  p.  50) .  The  pigment  epithelium 
and  the  capillary  layer  tone  down  the  above  con- 
trasts, and  so  in  old  age,  when  the  epithelial  pigment 
is  bleached,  or  if  the  capillary  layer  be  atrophied  after 
superficial  choroiditis  (Fig.  70,  a  and  6),  the  above 
distinctions  become  very  marked. 

A  vertical  section  of  naturally  injected  human 
choroid  is  shown  in  Fig.  68  ;  the  uppermost  dai-k 
line  (1)  is  the  pigment  epithelium  ;  next  are  seen  the 
caj^illary  vessels  (2),  cut  across  ;  then  the  moi'e 
deeply-seated  large  vessels  (3),  and  the  deep  layer 
of  stellate  pigment-cells  of  the  choroid  proper  (4). — 
Fig.  69  is  from  an  artificially  injected  human  choroid 
seen  from  the  inner  surface.  The  shaded  portion  is 
intended  to  represent  the  general  effect  produced  by 
all  the  vessels  and  the  pigment  epithelium.  The 
lower  part  shows  the  large  vessels  with  their  elon- 
gated interspaces,  as  maybe  seen  in  a  case  where  the 
pigmentepitheliumandchorio-capillaris  are  atrophied 
(Fig.  70,  b)  ;  in  a  dark  eye  the  interspaces  in  Fig.  69 
would  be  dai'ker  than  the  vessels.  The  middle  part 
shows  the  capillaries  without  the  pigment  epithe- 
lium. Both  figures  are  magnified  about  four  times 
as  much  as  the  image  in  the  indirect  ophthalmo- 
scopic examination. 


Fig.  68. — Human  choroid,  vertical  section.  Naturally 
injected,     x  20. 

Ophthalmoscopic  Signs  of  Disease  of  the  Choroid 

The  changes  usually  met  with  are  indicative  of 
atrophy.  This  may  be  jmrtial  or  complete  :  primary, 
or  following  inflammation  or  hsemorrhage ;  in  cir- 
cumscribed spots  and  patches,  or  in  large  and  less 
abruptly  bounded  areas.    Secondary  changes  are 
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often  present  in  the  con-esponding  parts  of  the 
retina.  The  chief  signs  of  atrophy  of  the  choroid 
are — (1)  tbe  substitution  of  a  paler  colour  (varying 
from  pale  red  to  yellowish  white)  for  the  full  red  of 
health,  the  subjacent  white  sclerotic  being  more  or 
less  visible  where  tbe  atrophic  changes  have  occuiTed ; 


Fig.  69. — Vessels  of  luiman  choroid  artificially  injected.  Ar- 
teries cross-shaded.  Capillaries  too  dark  and  rather  too 
small.  The  uppermost  shaded  part  is  meant  to  represent 
the  effect  of  the  pigment  epithelium.     x  20. 

(2)  black  pigment  in  spots,  patches,  or  rings,  and  in 
varying  quantity,  upon,  or  around  the  pale  patches. 
These  pigmentations  result,  1st,  from  disturbance 
and  heaping  together  of  the  normal  i^igment ;  2nd, 
from  increase  in  its  quantity  ;  3rd,  from  blood-colour- 
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ing  matter  left  after  extravasations.  Patches  of 
primary  atroi)hy  (e.  g.  in  myopia)  are  never  much 
pigmented  unless  bleeding  Lave  taken  place.  The 
amount  of  pigmentation  in  atroi)hy  following  cho- 
roiditis is  closely  related  to  that  of  the  healthy  cho- 
roid, i.  e.  to  the  complexion  of  the  jjerson. 

Pigment  at  the  fundus  may  lie  in  the  retina  as  well 
as  in,  or  on,  the  choroid,  and  this  is  ti'ue  whatever  may 
have  been  its  origin,  for  in  choroiditis  with  secondary 
retinitis  the  choroidal  pigment  often  passes  forward 
into  the  retina.  When  a  spot  of  pigment  is  dis- 
tinctly seen  to  cover  over  a  retinal  vessel  that  spot 
must  be  not  only  in,  but  very  near  the  anterior  (inner) 


Fig.  70. — Atrophy  after  syphilitic  choroiditis,  showing  various 
degrees  of  wasting  (Hutchinson),  a.  Atrophy  of  pigment 
epithelium,  b.  Atrophy  of  epithelium  and  chorio-capil- 
laris ;  the  large  vessels  exposed,  c.  Spots  of  complete 
atrophy,  many  with  pigment  accumulation. 

surface  of,  the  retina  ;  and  when  the  pigment  has  a 
lineal',  mossy  or  lace-like  pattern  (Fig.  81),  it  is 
always  in  the  retina ;  these  ai'e  the  only  conclusive 
tests  of  its  position. 
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It  is  important,  and  iisually  easy,  to  distinguish 
between  partial  and  complete  atrophy  of  the  choroid. 
In  superficial  atrophy,  affecting  the  pigment  epi- 
thelium and  caijillary  layer,  the  large  vessels  are 
peculiarly  distinct  (Fig.  70,  a  and  h).  Such  "  capil- 
lary "  or  "  epithelial  "  choroiditis  often  covers  a 
large  surface,  the  boundaries  of  which  are  sometimes 
well  defined,  sinuous  and  map-like,  but  are  as  often 
ill  marked  ;  in  the  latter  case  we  must  carefully 
compare  different  parts  of  the  fundus,  and  also  make 
allowance  for  the  patient's  age  and  complexion. 
Complete  atrophy  is  shown  by  the  presence  of  patches 
of  white  or  yellowish-white  colour  of  all  j^ossible 
variations  in  size,  with 
sharply-cut,  circular, 
or  undulating  bor- 
ders, and  with  or  with- 
out pigment  accumu- 
lations (Figs.  70  c  and 
71).  The  retinal  ves- 
sels pass  unobscured 
over  patches  of  atro- 
phied choroid,  prov- 
ing that  the  appear- 
ance is  caused  by  some 
change  deeper  than 
the  suface  of  the 
retina. 

If  thepatieutcomes 
with  recent  choroiditis 
we  also  often  see 
patches  of  palish  colour,  but  they  are  less  sharply 
bounded  and  frequently  of  a  greyer  or  whiter  (less 
yellow)  colour  than  patches  of  atrophy  ;  moreover, 
the  edge  of  such  a  patch  is  softened,  the  texture 
of  the  choroid  being  dimly  visible  there,  because  only 
partly  veiled  by  exudation.  If  the  overlying  retina 
be  unaffected  its  vessels  are  clearly  seen  over  the  dis- 
eased part,  but  if  the  retina  itself  is  hazy  or  oimque 


Fig.  71. — Atrophy  after  choroiditis. 
(Magnus.) 
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the  exact  seat  of  the  exudation  often  cannot  be  at 
once  decided ;  and  this  difficulty  is  often  increased 
by  the  hazy  state  of  the  vitreous. 
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Fig.  72. — Minute  exudations  into  inner  layer  of  choroid  in 
.syphilitic  choroiditis.  Pij^'nient  e])itheliuui  lulhcreiit  over 
tlie  exudations,  but  elsewhere  has  been  washed  oil'.  Ch. 
Choroid.    Scl.  Sclerotic. 

Sy])liilitic  choroiditis  begins  in,  and  is  often  con- 
lined  to,  the  inner  (capilhiry)  layer  of  the  choroid 
(Fig.  72),  and  hence  it  often  affects  the  retina.  In 
miliary  tuberculosis  of  the  choroid  the  overlying 
retina  is  clear,  and  the  growth  is,  for  the  most  part, 
dee])ly  seated  (Fig.  73).  After  vex-y  severe  cho- 
roiditis, or  extensive  haemorrhage,  absorption  is  often 
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Via.  73. — Section  of  miliary  tubercle.  Inner  layers  of  choroid 
comparatively  unaffected.  The  lighter  shading,  surround- 
ing an  artery  in  the  deepest  part  of  the  tubercle,  represents 
the  oldest  part,  which  is  caseatiug ;  an  artery  is  seen  cut 
across  in  this  part  of  the  tubercle. 

incomplete  ;  Ave  find  then,  in  addition  to  atrophy, 
grey  or  vpbite  patches,  or  lines,  which,  in  pattern  and 
appearance,  remind  us  of  keloid  scars  in  the  skin,  or 
of  patches  and  lines  of  old  thickening  on  serous 
membranes. 

Very  chai'acteristic  changes  are  seen  after  rtipture 
of  the  choroid  from  sudden  stretching  caused  by  blows 
on  the  front  of  the  eye.  These  ruptures,  always 
situated  in  the  central  region,  occur  in  the  form  of 
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Fig.  74. — Ruptures  of  clioroitl.  (VVocker.) 


long  tapering  lines  of  atrophy,  usually  curved  towards 
the'disc,  and  sometimes  branched  (Fig.  74)  ;  their 
borders  are  of- 
ten pigmented. 
If  seen  soon  af- 
ter the  blow  the 
rent  is  more  or 
less  hidden  by 
blood,  and  the 
retina  over  it  is 
hazy. 

The  patholo- 
gical condition 
known  as  "  col- 
loid disease  "  of 
the  choroid  con- 
sists in  the 
growth  of  very 
small  nodules, 
soft  at  firsb,  af- 
terwards becoming  hard  like  glass,  from  the  thin 
lamina  elasiica,  which  lies  between  the  pigment  epi- 
thelium and  chorio-capillaris.  It  is  common  in  eyes 
excised  for  old  inflammatory  mischief,  and  in  partial 
atrophy  after  choroi- 
ditis (Fig.  75).  But  lit- 
tle is  known  of  its  oi^h.- 
thalmoscopic  equiva- 
lent, or  its  clinical  cha- 
racters. Probably  it 
may  result  from  various 
forms  of  choroiditis,  and 
may  also  be  a  natural 
senile  change. 

Hceniorrhage  from  the 
choroidal  vessels  is  not 
so  often  recognised  as 

from  those  of  the  retina,  but  may  be  seen  som.etimcs, 
especially  in  old  people  and  in  highly  myopic  oyos. 


Fig.  75. — Partial  atrophy  after 
syphilitic  choroiditis.  Minute 
growths  from  inner  surface  of 
choroid,  sliownig  how  they  dis- 
turb the  outer  layers  of  the 
retina.     x  GO. 
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The  patches  are  more  rounded  thau  retinal  haemor- 
rhages, aud  we  can  sometimes  recognise  the  striatiou 
of  the  overlying  retina.  Occasionally  they  are  of 
immense  size.    Patches  of  atrophy  may  follow. 

Clinical  Forms  of  Choroidal  Disease 

(1.)  Numerous  discrete  patches  of  choroidal 
atrophy  (sometimes  complete,  as  if  a  round  bit  had 
been  punched  out,  in  others  incomjjlete,  though 
equally  round  and  well  defined)  are  scattered  in 
diffei'ent  parts  of  the  fundus,  but  are  most  abun- 
dant towards  the  periphery  ;  or,  if  scanty,  are  found 
only  in  the  latter  situation.  They  are  more  or  less 
pigmented,  unless  the  patient's  comjilexion  is  ex- 
tremely fair  (Figs.  70  c  and  71). 

(2.)  The  disease  has  the  same  distribution,  but 
the  patches  are  confluent ;  or  large  areas  of  incom- 
plete atrophy,  passing  by  not  very  well  defined 
boundaries  into  the  healthy  choroid  ai'ound,  are 
interspersed  with  a  certain  number  of  sepai'ate 
patches  ;  or  without  separate  patches  there  may  be  a 
widely  spread  superficial  atroj)hy  with  pigmentation 
(Fig. '70,  a  and  b). 

These  two  types  of  choroiditis  disseminata  run  into 
one  another,  different  names  being  used  by  authors 
to  indicate  topographical  varieties.  Generally  both 
eyes  are  affected,  though  unequally  ;  but  in  some 
cases  one  eye  escapes.  The  retina  and  disc  often  show 
signs  of  past  or  present  inflammation. 

Syphilis  is  by  far  the  most  frequent  cause  of  sym- 
metrical disseminated  choroiditis.  The  choroiditis 
begins  from  one  to  three  years  after  the  primary  dis- 
ease, whether  this  be  acquired  or  inherited  ;  occasion- 
ally at  a  later  period. 

The  discrete  variety  (Fig.  70,  c),  where  the 
patches,  though  usually  involving  the  whole  thick- 
ness of  the  choroid,  are  not  connected  by  areas  of 
superficial  change,  is  the  least  serious  form,  unless 
the  patches  are  very  abundant.    A  moderate  number 


XII. 


DISEASES  OF  THE  CHOROID 


191 


of  such  patches  confined  to  the  periphery,  cause  no 
appreciable  damage  to  sight.  The  more  superficial 
and  widely-spread  varieties,  in  which  the  retina  and 
disc  are  inflamed  from  the  first,  are  far  more  serious. 
The  capillary  layer  of  the  choroid  seldom  again 
becomes  healthy,  and  with  its  atroj^hy,  even  if  the 
deeper  vessels  be  not  much  changed,  the  retina 
suffers,  passing  into  slowly  progressive  atrophy.  The 
retina  often  becomes  pigmented  (Fig.  81),  its  blood- 
vessels extremely  narrowed,  and  the  disc  passes  into 
a  peculiar  hazy  yellowish  atrophy  ("  waxy  disc," 
Hutchinson — "  choroiditic  atrophy,"  Growers).  The 
appearances  may  closely  imitate  those  in  true  re- 
tinitis pigmentosa,  and  the  patient,  as  in  that  disease, 
often  suffers  from  marked  night-blindness.  Such 
patients  continue  to  get  slowly  worse  for  many  years, 
and  may  become  nearly  blind. 

Syphilitic  choroiditis  genei-ally  gives  rise,  at  an 
early  date,  to  opacities  in  the  vitreous ;  these  eithei* 
form  large,  easily  seen,  slowly  floating,  ill-defined 
clouds,  or  are  so  minute  and  numerous  as  to  cause  a 
diffuse  and  somewhat  dense  haziness  ("  dust-like 
opacities,"  Forster)  (Chap.  XVI).  Some  of  the 
larger  ones  may  be  ^^ermanent.  In  the  advanced 
stages,  as  in  true  retinitis  pigmentosa,  posterior  jaolar 
cataract  is  sometimes  develojjed. 

There  are  no  constant  differences  between  cho- 
roiditis in  acquired  and  in  inherited  syphilis ;  in 
many  cases  it  would  be  impossible  to  guess,  from  the 
ophthalmoscopic  changes,  with  which  form  of  the 
disease  we  had  to  do.  But  there  is,  on  the  whole,  a 
greater  tendency  towards  pigmentation  in  the  cho- 
roiditis of  hereditary  than  in  that  of  acquired  sy- 
philis, and  this  applies  both  to  the  choroidal  patches 
and  to  the  subsequent  retinal  pigmentation. 

In  the  treatment  of  syphilitic  choroiditis  we  rel\ 
almost  entirely  on  the  constitutional  remedies  for 
syphilis — mercury  and  iodide  of  potassium.  In  cases 
which  are  treated  early,  sight  is  much  benefited,  and 
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the  visible  exudations  quickly  melt  away  under 
mercury  ;  but  I  believe  tbat  even  in  these,  complete 
restitution  seldom  takes  place,  the  nutrition  and 
arrangement  of  the  pigment  epithelium  and  bacillary 
layer  of  the  retina  being  quickly  and  permanently 
damaged  by  exudations  into  or  upon  the  chorio- 
capillaris  (as  in  Fig.  72).  In  the  later  periods,  when 
the  choroid  is  thinned  by  atrophy,  or  its  inner  surface 
roughened  by  little  outgrowths  (Fig.  75),  or  adhesions 
and  cicatricial  contractions  have  occurred  between  it 
and  the  retina,  nothing  can  be  done.  A  long  mer- 
curial course  should,  however,  always  be  tried  if  the 
sight  be  still  failing,  even  if  the  changes  all  look  old ; 
for  in  some  cases,  even  of  very  long  standing,  fresh 
failure  takes  place  from  time  to  time,  and  mercury 
has  a  very  marked  inflnence.  In  acute  cases  rest  of 
the  eyes  in  a  darkened  room,  and  the  employment  of 
the  artificial  leech  or  of  dry  cupping  at  intervals  of  a 
few  days,  for  some  weeks,  are  useful.  But  it  is  often 
difficult  to  ensure  such  functional  rest,  for  the 
patients  seldom  have  pain  or  other  discomfort. 

Disseminated  choroiditis  sometimes  occurs  without 
ascertainable  evidence  of  syphilis,  chiefly  about  the 
age  of  puberty.  Such  cases  often  differ  in  some  of 
their  ophthalmoscopic  details  from  ordinary  syphilitic 
cases,  especially  in  the  immunity  of  the  retina  and 
disc  ;  and  also  in  the  absence  of  tendency  to  recur. 
It  is  but  seldom  that  any  definite  cause,  such  as 
exposure  to  bright  light,  can  be  plausibly  assigned. 

In  choroiditis  from  any  cause  iritis  may  occur  (c/. 
p.  141). 

(3.)  The  choroidal  disease  is  limited  to  the  central 
region.  There  are  many  varieties  of  such  localised 
change. 

In  myopia  the  elongation  which  occurs  at  the 
posterior  pole  of  the  eye  very  often  causes  atrophy  of 
the  choroid  contiguous  to  the  disc,  and  usually  only 
on  the  side  next  the  yellow  spot  (see  Myopia).  The 
term  "posterior  staphyloma^'  is  applied  to  this  form 


XII. 


DISEASES   OF  THE  CHOROID 


193 


of  disease  -when  the  eye  is  myopic,  because  the  atrophy 
is  a  sign  of  posterior  ljulging  of  the  sclerotic.  The 
term  "  sclerotica -chm-oiditis  poste7-ior  "  is  often  used  ; 
though  we  but  seldom  see  evidence  of  exudative 
changes  or  hsemorrhagic  effusions  at  the  fundus  in 
myopia.  A  similar  crescent,  but  seldom  of  great 
width,  is  very  commonly  seen,  bounding  the  lower 
mai'giu  of  the  disc,  in  astigmatic  eyes  ;  its  widest  part 
nearly  always  corresponds  with  the  direction  of  the 
meridian  of  greatest  curvature  of  the  cornea  (Chap. 
XX).  A  narrow  and  less  conspicuous  crescent,  or 
zone,  of  atrophy  around  the  disc  is  seen  in  some  other 
states,  notably  in  old  persons,  and  in  glaucoma 
(Fig.  96).  Separate  round  patches  of  complete 
atrophy  ("  punched-out "  patches)  at  the  central 
region  may  occur  in  myopia  with  the  above-mentioned 
staphyloma,  and  must  not  then  be  ascribed  to 
syphilitic  choroiditis ;  in  other  cases  of  myoiDia  ill- 
defined  partial  atrophy  is  seen  about  the  y.  s.,  some- 
times with  splits  or  lines  running  horizontally  towards 
the  disc. 

Central  senile  choroiditis. — Several  varieties  of  dis- 
ease confined  to  the  region  of  the  y.  s.,  and  disc  are 
seen,  and  chiefly  in  old  persons.  A  pai-ticularly 
striking  and  rather  rare  form  is  shown  in  Fig.  76. 
In  others  a  larger,  but  less  defined,  area  is  affected. 
Some  of  these  aj^pearances  undoubtedly  result  from 
large  choroidal  or  retinal  extravasations,  but  the 
origin  of  the  state  sho^vn  in  Fig.  76  is  obscure.  In 
these  areated  forms,  the  large,  deep  vessels  are  often 
much  narrowed,  or  even  converted  into  white  lines 
and  devoid  of  blood  column,  by  thickening  of  their 
coats. — In  another  form  (Fig.  77)  the  central  region 
is  occupied  by  a  number  of  small,  white,  or  yellowish- 
white  dots,  sometimes  visible  only  in  the  erect  image. 
This  condition  is  very  peculiar,  and  appears  to  be 
almost  stationary  ;  the  discs  are  sometimes  decidedly 
pale  ;  when  very  abundant  the  spots  coalesce,  and 
some  pigmentation  is  found ;  sometimes  haemorrhages 
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occur.     The    patlioloj^ieal    anatomy    and  general 


Via.  70. — Central  clidroidilis.    (Wcckci'  uiid  Jaeger.) 


Fig.  77. — Central  guttate  senile  choroiditis, 

relations  of  this  disease  are  incompletely  known ;  it 
was  first  described  by  Hutchiusou  and  Tay,  and  is 
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tolerably  common.  It  is  symmetrical  and  the 
changes  may  sometimes  be  mistaken  for  a  slight 
albuminuric  retinitis  (p.  201).  No  treatment  seems 
to  have  any  influence.  Every  case  of  immature 
cataract  should,  when  possible,  be  examined  for 
central  choroidal  changes. 

(4.)  Anomalous  forms  of  choroidal  disease. — Single, 
large  patches  of  atrophy,  with  pigmentation,  and  not 
located  in  any  particular  part,  are  occasionally  met 
with.  Probably  some  of  these  have  followed  the 
absorption  of  tubercular  growths  in  the  choroid, 
while  others  are  the  result  of  large  spontaneous 
heemorrhages  (p.  189)  ;  a  blow  by  a  blunt  object  on 
the  sclerotic  causing  local  bleeding,  or  inflammation 
and  subsequent  atrophy,  may  account  for  such  a 
l^atch  at  the  anterior  part  of  the  fundus. — Single 
large  patches  of  exudation  are  also  met  with,  and  are 
I^erhaps,  tubercular  (see  p.  141). — Choroidal  disease 
in  disseminated  patches  seems  sometimes  to  depend 
npon  numerous  scattered  haemorrhages  into  the 
choroid,  which  may  occur  at  diflierent  dates,  and 
which  lead  to  patches  of  partial  atrophy  with  pig- 
mentation. The  local  cause  of  such  hseinorrhages 
is  obscure ;  the  disease  may  occur  in  one  eye  or 
both,  and  in  young  adults  of  either  sex.  It  may 
perhaps  be  called  hsemorrhagic  choroiditis  (compare 
Chap.  XVI).  Although  the  changes  produced  are 
very  gross,  some  of  these  patients  regain  almost 
perfect  sight,  a  fact,  perhaps,  pointing  to  the  deep 
layers  of  the  choroid  as  the  seat  of  disease.  It  is 
jjossible  that  over-use  of  the  eyes,  or  exposure  to 
great  heat  or  glare,  sometimes  causes  choroiditis 
(pp.  192  and  218). 

Single  spots  of  choroidal  atrophy,  especially  to- 
wards the  periphery,  should,  no  less  than  abundant 
changes,  always  excite  grave  suspicion  of  foi-mer 
syijhilis,  and  often  furnish  valuable  corroborative 
evidence  of  that  disease.  The  periphery  cannot  be 
fully  examined  unless  the  pupil  be  widely  dilated. 
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A  few  small,  scattered  spots  of  black  pigment  od 
the  choroid,  or  in  the  retina,  without  evidence  of 
atrophy  of  the  choroid,  often  indicate  former  hae- 
morrhages. Such  spots  are  seen  after  recovery 
from  albuminuric  i-ctinitis  with  hcemorrhages,  after 
blows  on  the  eye,  and  sometimes  without  any  relevant 
history. 

Congestion  of  the  choroid  is  not  commonly  recog- 
nisable by  the  ophthalmoscope.  That  active  conges- 
tion does  occur  is  certain,  and  it  would  seem  that 
myopic  eyes  are  especially  liable  to  it,  particularly 
when  over-used  or  exposed  to  bright  light  and  great 
heat.  Serious  haemorrhage  may  undoubtedly  be 
excited  under  such  circumstances.  In  conditions  of 
extreme  anaemia  the  whole  choroid  becomes  un- 
mistakeably  pale. 

Colohoma  of  the  choroid  (congenital  deficiency 
of  the  lower  part)  is  shown  ophthalmoscopically  by  a 
large  surface  of  exposed  sclerotic,  often  embracing 
the  disc  (which  is  then  much  altered  in  form,  and 
may  be  hardly  recognisable),  and  extending  down- 
wards to  the  j^eriphery,  where  it  often  narrows  to  a 
mere  line  or  chink.  The  surface  of  the  sclerotic,  as 
judged  by  the  course  of  the  retinal  vessels,  is  often 
very  irregular,  from  bulging  on  its  floor  backwards. 
The  coloboma  is  occasionally  limited  to  the  part 
around  the  nerve,  or  may  form  a  sejmrate  patch. 
Coloboma  of  the  choroid  is  often  seen  without  colo- 
boma of  the  iris,  and  when  both  exist,  a  bridge  of 
choroidal  tissue  generally  separates  them  in  the 
region  of  the  ciliary  body.  Cases  of  so-called  colo- 
boma of  the  choroid  at  the  yellow  spot,  are  probably 
examples  of  severe  fcetal  or  infantile  inflammation 
of  that  part. 

Albinism  is  accompanied  by  congenital  absence  of 
pigment  in  the  cells  of  the  epithelium  and  stroma  of 
the  whole  uveal  tract  (choroid,  ciliary  processes,  and 
iris).  The  piipil  looks  pink,  because  the  fundus  is 
lighted,  to  a  great  extent,  indirectly  through  the 
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sclerotic.  Sight  is  always  defective,  and  the  eyes 
photophobic  and  usually  oscillating.  Many  almost 
albinotic  children  become  moderately  pigmented  as 
they  grow  up. 
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CHAPTER  XIII 

DISEASES  OF  THE  EETINA 

Of  the  many  morbid  changes  to  which  the  retina 
is  subject,  some  begin  and  end  in  this  membrane, 
such  as  albuminuric  retinitis  and  many  forms  of 
I'etiual  haemorrhage ;  in  others  the  retina  takes 
part  iu  changes  which  begin  in  the  ojDtic  nerve 
(neuro-retinitis),  or  in  the  choroid  (choroido- 
retinitis)  ;  very  serious  lesions  also  occur  from 
embolism  or  thrombosis  of  the  central  retinal  ves- 
sels. The  retina  may  be  separated  ("detached") 
from  the  choroid  by  serous  fluid  or  blood.  The  re- 
tina may  also  be  the  seat  of  malignant  growth 
(glioma),  and  probably  of  tubercular  inflammation. 

In  health  the  human  retina  is  so  nearly  trans- 
parent as  to  be  almost  invisible  by  the  ophthalmoscope 
during  life,  or  to  the  naked  eye  if  examined  imme- 
diately after  excision.  We  see  the  retinal  blood- 
Vessels,  but  the  retina  itself,  as  a  rule,  we  do  not  see. 
The  main  blood-vessels  are  derived  from  the  arteria 
and  vena  centralis,  which  enter  the  outer  side  of  the 
optic  nerve,  about  6  mm.  behind  the  eye ;  the  veins 
and  arteries  are  generally  in  pairs,  the  veins  not 
being  more  numerous  than  the  arteries  ;  all  pass  from 
or  to  the  optic  disc  (Fig.  34).  At  the  disc  anas- 
I  tomoses,  chiefly  capillary,  are  formed  between  the 
I  vessels  of  the  retina  and  those  of  the  choroid  and 
]  sclerotic.  As  no  other  anastomoses  are  formed  by  the 
vessels  of  the  retina,  the  retinal  circulation  beyond 
the  disc  is  terminal ;  and  further,  as  the  vessels 
branch  dichotomously,  and  the  branches  anatomose 
only  by  means  of  their  capillaries,  the  circulation  of 


Chap.  XIII.        DISEASES   OF   THK   KETINA  199 


each  considerable  branch  is  terminal  also.  The 
capillaries,  which  are  not  visible  by  the  ophthalmo- 
scope, are  narrower  than  those  of  the  choroid,  and 
their  meshes  become  much  wider  towards  the  ante- 
rior and  less  imjjortant  j^arts  of  the  retina. 

At  the  y.  s.  (Fig.  78),  the  only  part  used  for  accurate  sight, 
the  capillaries  are  very  abundant  (compare  Fig.  69)  ;  but 
at  the  very  centre  of  this  region  {fovea  centralis),  where  all 
the  layers  except  tlie  cones  and  outer  granules  are  excessively 
thin,  there  are  no  vessels,  the  capillaries  forming  fine,  close 
loops  just  around  it.  The  nerve-fibres  in  this  part  of  the 
retina  are  finer  tlian  in  other  parts ;  they  seem  also  to  be 
much  more  abundant,  for  Bunge  has  found  tiiat  in  a  case  of 
central  scotoma,  where  only  a  very  small  part  (trjth)  of  the  F. 
was  lost,  quite  a  large  tract  of  fibres  (^th  of  tlie  whole)  was 
atrophied  in  the  optic  nerve.  Tlie  fovea  centralis  corre- 
sponds to  an  area  at  the  centre  of  F.,  measuring  only  1J°  in 
diameter;  the  part  recognised  as  the  macula  lutea  has  an  area, 
on  the  F.,  of  about  7"  (Bunge). 
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Fig.  78. — Blood-vessels  of  human  I'etina  at  tlie  yellow  spot 
(artificial  injection).  The  central  gap  corresponds  to  the 
Fovea  centralis.  A.  Arteries;  v.  Veins;  n.  Nasal  side 
(towards  disc) ;  t.  Temporal  side.  The  meshes  are  many 
times  wider  at  the  periphery  of  the  retina. 

In  children,  especially  those  of  dark  complexion,  a 
peculiar,  white,  shifting  reflexion,  or  shimmer,  is 
often  seen  at  the  y.  s.  region,  and  along  the  course  of 
the  principal  vessels.  It  changes  with  every  move- 
ment of  the  mirror,  and  reminds  one  of  the  shifting 
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reflexion  from  "  watered  "  and  "  shot  "  silk.  Around 
the  y.  s.  it  takes  the  form  of  a  ring  or  zone,  and  is 
known  as  the  "halo  round  the  macula"  (p.  50). 
When  the  choroid  is  highly  i)igmeuted,  even  if  this 
shifting  reflexion  be  absent,  the  retina  is  visible  as  a 
faint  ha/o  over  the  choroid  like  the  "bloom"  on  a 
plum.  Under  the  high  magnifying  power  of  the  erect 
image  the  nerve-fibre  layer  is  often  visible  near  the 
disc,  as  a  faintly-marked  radiating  striatiou.  The 
sheaths  of  the  large  central  vessels  at  their  emergence 
from  the  physiological  pit  (p.  48)  show  many  varia- 
tions in  thickness  and  opacity. 

In  rare  cases  the  medullary  sheath  of  the  optic 
nerve-fibres,  which  should  cease  at  the  lamina  cri- 
brosa,  is  continued  through  the  disc  into  the  retina, 
and  causes  the  o[)lithalmoscopic  appearance  known 
as  "  opaque  nerve-fibres."  This  congenital  pecu- 
liarity may  affect  the  nerve-fibres  of  the  whole  cir- 
cumference of  the  disc,  or  only  a  patch  or  tuft  of 
the  fibres ;  it  may  only  just  overleap  the  edge  of  the 
disc,  or  may  extend  far  into  the  retina  ;  and  islands 
of  similar  opacity  are  sometimes  seen  in  the  retina 
quite  separated  from  the  disc.  It  is  to  be  particularly 
noted  that  the  central  part  (physiological  pit)  of  the 
disc  is  not  aff"ected,  because  it  contains  no  nerve- 
fibres.  The  affected  patch  is  pure  white,  and  quite 
opaque,  its  margin  thins  out  gradually,  and  is 
striated  in  fine  lines,  which  radiate  from  the  disc  like 
carded  cotton  wool ;  the  retinal  vessels  may  be 
buried  in  the  opacity,  or  run  unobscured  on  its 
sui'face,  and  ai'e  of  normal  size.  The  deep  layers  of 
the  affected  i:)arts  of  the  retina  being  obscured  by 
the  opacity,  an  enlargement  of  the  normal  "  blind- 
spot"  is  the  result.  One  eye,  or  both,  may  be 
affected.  There  is  seldom  any  difiiculty  in  distin- 
guishing this  condition  from  opacity  due  to  neuro- 
retinitis. 
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Ophthalmoscopic  signs  of  Retinal  Disease 

Congestion. — 'No  amount  of  capillary  congestion, 
■whether  passive  or  active,  alters  the  appearance  of  the 
retina;  and  as  to  the  large  vessels,  it  is  better  to  speak 
of  tlie  arteries  as  unusually  large  or  tortuous,  or  of 
the  veins  as  turgid  or  tortuous,  than  to  use  the 
general  term  congestion.  Capillary  congestion  of 
the  optic  disc  may  undoubtedly  be  recognised  ;  but 
even  here  caution  is  needed,  and  much  allowance 
must  be  made  for  differences  of  contrast  depending  on 
variations  in  the  tint  of  the  choroid,  for  the  patient's 
health  and  age,  and  for  the  brightness  of  the  light 
used,  or,  what  is  the  same  thing,  for  the  size  of  the 
l^uj^ii.  Caution  is  also  needed  against  drawing  hasty 
inferences  from  the  slight  haziness  of  the  outline  of 
the  disc,  which  may  often  be  seen  in  cases  of 
hypermetropia,  and  which  is  certainly  not  always 
morbid. 

The  only  ophthalmoscopic  proof  of  true  Retinitis  is 
loss  of  transparency  of  the  retina,  and  two  chief  types 
are  soon  recognised  according  as  the  opacity  is  dif- 
fused, or  consists  chiefly  of  abrupt  sjjots  and  patches. 
Haemorrhages  are  present  in  many  cases  of  retinitis  ; 
but  they  may  also  occur  Avithout  either  inflammation 
or  oedema.  The  state  of  the  disc  varies  much,  but  it 
seldom  escapes  entirely  in  a  case  of  extensive  or  j^ro- 
longed  retinitis.  In  a  large  majority  of  cases  of 
recent  retinitis  the  visible  changes  are  limited  to  the 
central  region,  where  the  retina  is  thickest  and  most 
vascular. 

(1.)  The  lessened  transparency  which  accompanies 
diffused  retinitis  simply  dulls  the  red  choroidal  reflex, 
and  the  term  "  smoky  "  is  fairly  descriptive  of  it. 
The  same  effect  is  given  by  slight  haziness  of  any 
of  the  anterior  media,  but  a  mistake  is  excusable 
only  when  there  is  diffused  mistiness  of  the  vitreous 
from  opacities  which  are  too  small  to  be  easily 
distinguished  (Chap.  XVI),  and  the  difficulty  is 
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tli(!ii  increased  because  this  very  couditiou  of  tlie 
vitreous  often  coexists  with  i-etinitis.  A  conii)arison 
of  th(!  (-rect  and  inverted  images  is  often  useful ;  for 
if  the  dilfused  haze  noticed  by  indirect  examination 
be  caused  by  retinitis,  the  direct  examination  Avill 
often  resolve  what  seemed  an  uniform  haze  into  a 
well-marked  sj^otting  or  streaking.  When  the  change 
is  i)ronounced  enough  to  cause  a  decidedly  white 
haze  of  the  retina  there  is  no  longer  any  doubt. 
The  retinal  arteries  and  veins  are  sometimes  enlarged 
and  tortiions  in  retinitis,  and  in  severe  cases  they 
are  generally  oI).scured  in  som<!  ]>art  of  their  course. 
These  forms  of  uniformly  diffused  retinitis  are 
usually  caused  either  by  syjjhilis,  embolism,  or 
thrombosis. 

(2.)  Near  the  y.  s.  a  number  of  small,  intensely 
Avhite,  rounded  s])ots  are  seen  (Fig.  79),  either  (|uite 


Via  79.— Keual  retinitis  at  a  late  stage.    (Weeker  and 
Jaeger.) 

discrete  or  partly  confluent.  When  very  abundant 
and  confluent  they  form  large,  abruptly  outlined 
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j)at,cbes,  with  irregular  borders,  some  parts  of  these 
patches  being  striated,  others  stippled. 

(3.)  A  number  of  separate  patches  are  scattered 
about  the  central  region,  but  without  special  reference 
to  the  y.  s.  They  are  of  irregular  shape,  white  or 
pale  buff,  and  sometimes  striated  (Fig.  80)  ;  they 


Fig.  80. — Eecent  severe  retinitis  in  renal  disease.  (Gowers.) 


are  easily  distinguished  from  p)atches  of  choroidal 
atrophy  (p.  187)  by  their  colour,  the  comparative 
softness  of  their  outlines,  and  the  absence  of 
pigmentation. 

In  types  2  and  3  some  htemorrhages  are  usually 
present ;  the  retina  generally  may  be  clear,  but  more 
often  there  is  diffused  haze  and  evidence  of  swelling. 
The  hsemorrhages  may  be  so  numerous  and  large  as 
to  form  the  chief  feature,  and  then  the  retinal  veins 
will  be  very  tortuous  and  dilated. 

Forms  2  and  3,  which  nearly  always  affect  both 
eyes,  are  generally  associated  with  renal  disease,  but 
in  rare  cases  similar  changes  are  caused  by  cerebral 
disease  and  other  conditions  (pp.  210  and  227). 
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(4.)  Earely  a  single  large  patch  or  area  of  white 
opacity  is  seen  with  softened,  ill-defiued  edges,  any 
retinal  vessels  that  may  cross  it  being  ol)scured. 
Such  a  patch  of  retinitis  is  usually  caused  either  by 
subjacent  choroiditis  (p.  187),  or  by  local  phlebitis 
or  throml)osis. 

Hiemorrhage  into  (or  beneath)  the  retina  is  known 
by  its  colour,  which  is  darker  than  that  of  an 
ordinary  choroid,  but  redder  and  lighter  than  that  of 
a  very  dark  choroid.  Blood  may  be  effused  into  any 
of  tlie  retinal  layers,  and  the  shape  of  the  blood 
patches  is  mainly  determined  by  their  position. 
When  eft'used  into  the  nerve-fibre  layer,  or  confined 
by  the  sheath  of  a  large  vessel,  the  extravasation 
takes  a  linear  or  streaked  form  and  structure  follow- 
ing the  direction  of  the  nerve-fibres  ;  extravasations 
in  the  deeper  layers  are  rounded.  Very  large 
haemorrhages,  many  times  as  large  as  the  disc, 
sometimes  occur  near  the  yellow  spot,  and  probably 
all  the  layers  then  become  infiltrated,  while  some- 
times the  blood  ruptures  the  anterior  limiting  mem- 
brane of  the  retina  and  j^asses  into  the  vitreous. 

Retinal  haemorrhages  may  be  large  or  small,  single 
or  multiple  ;  limited  to  the  central  region  or  scattered 
in  all  parts  ;  linear,  streaky  or  flame-shaped,  punctate 
or  blotchy  ;  they  may  lie  alongside  large  vessels,  or 
have  no  apparent  relation  to  them.  The  haemoi'- 
rhage  may,  as  already  mentioned,  be  the  primary 
change,  or  may  only  foi'ni  part  of  a  retinitis  or 
papillo-retinitis.  A  haemorrhage  which  is  mottled 
and  of  dark,  dull  colour,  is  generally  old.  The  rate 
of  absorption  varies  very  much  ;  haemoiThage  after  a 
blow  is  very  quickly  absorbed,  while  effusions  caused 
by  the  rupture  of  diseased  vessels  in  old  people, or 
accompanying  retinitis  from  constitutional  causes, 
often  last  for  months,  and  leave  permanent  traces. 

Pigmentation  of  the  retina  has  been  referred  to  in 
connection  with  choroiditis  (p.  186).  Whenever 
pigment  in  the  fundus  forms  long,  sharply-defined 
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Hues,  or  is  arranged  in  a  mossy,  lace-like  or  reticu- 
lated patteru,  we  may  safely  iufer  that  it  is  situated 
in  the  retina,  and  generally  that  it 
lies  aloug  the  sheaths  of  the  retinal 
vessels  (compare  Fig.  81  with  Fig. 
78).  Pigment  in  or  on  the  choroid 
never  takes  such  a  patteru,  being 
usually  in  blotches  or  rings.  The 
two  types,  however,  are  often  mingled 
in  cases  of  choroiditis  with  secondary 
affection  of  the  retina  ;  indeed,  when- 
ever we  decide  that  the  retina  is  pig- 
mented, the  choroid  must  be  carefully 
examined  for  evidences  of  former 
choroiditis. 

Spots  of  pigment  may  be  left  after 
the  absorption  of  .  retinal  haemor- 
rhages. Such  spots  can  generally  be  distinguished 
from  those  following  choroiditis  by  their  more 
uniform  appearance  and  by  the  absence  of  signs  of 
choroidal  atrophy. 

Atrophy  of  the  retvua,  of  which  pigmentation  of  the 
retina,  when  present,  is  always  a  sign,  has  for  its 
most  constant  indication  a  marked  shrinking  of  the 
retinal  blood-vessels  with  thickening  of  their  coats. 
When  the  atrophy  follows  a  retinitis  or  choroido- 
retinitis  (retinitis  pigmentosa,  syphilitic  choroido- 
retinitis,  &c.)  all  the  layers  are  involved,  and  the 
outer  layers  (those  nearest  the  choroid)  earlier  than 
the  inner ;  but  when  it  is  secondary  to  disease  of  the 
optic  nerve  (optic  neuritis,  progressive  atrophy,  and 
glaucoma)  only  the  hiyers  of  nerve-fibres  and 
ganglion-cells  are  atrophied,  the  outer  layers  being 
fo»nd  perfect,  even  after  many  years.  A  retina 
atrophied  after  retinitis  often  does  not  regain  jierfect 
transparency,  and  if  there  have  been  choroiditis  the 
retina  remains  especially  hazy  in  the  parts  where  this 
has  been  most  severe. 

The  disc  after  severe  retinitis  or  choroido-retinitis 


Fig.  81.— Study 
of  pigment  in 
tlie  retina  in  a 
sijecinien  of  se- 
condary retinitis 
pigmentosa,  seen 
from  the  inner 
(vitreous)  sur- 
face. 
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always  passes  into  atropby,  often  of  peculiar  appear- 
ance, being  pale,  bazy,  liomogeneous-looking,  and 
with  a  yellowish  or  brownish  tint  (p.  191). 

Detachment  {separation)  of  the  retina. — As  there 
is  no  continuity  of  structure  between  the  choroid  and 
retina,  the  two  may  be  easily  separated  by  effusion  of 
blood  or  serous  fluid,  the  result  either  of  injury  or 
disease,  by  morbid  growths,  and  by  the  traction  of 
fibrous  cords  in  the  vitreous.  Such  fibrous  bands 
and  strings  develope  in  the  vitreous  in  some  cases  of 
irido-cyclitis,  and  perhaps  in  myopic  eyes  without 
signs  of  inflammation.  Occasionally  rents  may  be 
seen  in  tbe  se2)arated  retina..  It  has  been  suggested 
that  such  rents  occurring  whilst  the  retina  was  still 
in  situ  might  initiate  the  detachment  by  allowing  the 
intrusion  of  vitreous  between  the  retina  and  choroid  ; 
and  this  explanation  may  possibly  hold  good  in  very 
myopic  eyes.    The  retina  is  separated  at  the  expense 

of  the  vitreous  (which  is  pro- 
portionately absorbed),  but 
always  remains  attached  at  the 
disc  and  ora  serrata,  unless  as 
the  result  of  wound  or  great 
violence.  The  depth,  area,  and 
situation  of  the  detachment  are 
subject  to  much  variety.  Fig. 
82  shows  a  diagrammatic  sec- 
tion of  an  eye  in  which  the 
lower  part  of  the  retina  is 
separated.  The  jsigment  epi- 
thelium always  remains  on  the  choroid. 

The  separated  portion  is  usually  far  within  the 
focal  length  of  the  eye  ;  its  erect  image  is,  therefore, 
very  easily  visible  by  the  direct  method  (p.  51,  1), 
when  it  appears  as  a  grey  or  whitish  refle.xion  in 
some  part  of  the  field,  the  remainder  being  of  the 
natural  red  colour ;  the  detached  part  is  grey  or 
whitish,  because  the  retina  has  become  opaque. 
With  care  we  can  accurately  focus  the  surface  of  the 


Fia.  82. — Section  of  eye 
with  partial  detacli- 
iiieiit  of  retina. 
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grey  reflexiou,  see  that  it  is  folded,  and  see  one  or 
more  retinal  vessels  meandering  upon  it  in  a  tortuous 
course ;  tbey  appear  small  and  of  dark  colour.  If 
the  separation  be  deep  the  outline  of  its  more 
ju-ominent  folds  (Fig.  83) 
can  be  seen  standing  out 
sharply  against  the  red  back- 
ground, and  in  some  cases 
the  folds  flap  about  when  the 
eye  is  quickly  moved.  In  ex- 
treme cases  we  can  see  the 
detached  part  by  focal  light. 
When  the  detachment  is  re- 
cent, especially  if  shallow,  the 
choroidal  red  is  still  seen 
through  it ;  the  diagnosis 
then  rests  on  the  observation 
of  whether  the  vessels  in  any 
part  become  darker,  smaller, 
and  more  tortuous,  and  upon 
ophthalmoscopic  estimation  of  the  refraction  of  the 
retinal  vessels  (p.  54)  at  different  parts  of  the  fundus, 
for  the  detached  part  will  be  much  more  hyperme- 
tropic than  the  rest.  In  very  higb  myopia  a  shalloAv 
detachment  may  still  lie  behind  the  principal  focus, 
and  therefore  uot  yield  an  erect  image  without  a. 
suitable  concave  lens ;  in  sucli  a  case,  and  in  others 
where  minute  rucks  or  folds  of  detachment  arc 
present,  examination  by  the  indirect  method  leads 
to  a  right  diagnosis ;  the  image  of  the  detached 
portion  is  not  iu  focus  at  the  same  moment  as  its  sur- 
rounding inivts, 2)arallaciic  movement*  is  obtained,  and 
the  vessels  are  tortuous.  Deep  and  extensive  detach- 
ment is  often  associated  with  opacities  in  the  vitreous 
or  lens,  or  with  iritic  adhesions ;  and  any  of  these 
conditions  interfere  with  the  conclusive  application 

*  On  closing  one  eye  and  viewing  two  objects,  one  heyond 
the  other,  hut  in  the  saine  line,  one  object  seems  to  move  over 
the  other  when  the  head  is  moved  from  side  to  side. 


Fig.  S3.  —  Ophthalmosco- 
pic appearance  of  de- 
tached retina  (erect 
image).  (After  Wecker 
and  Jaeger.) 
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of  the  above  tests.  In  some  cases  of  detacbment, 
large  j^atcbes  and  streaks  of  choroidal  disease  are  to 
be  found.  The  treatment  of  detachment  of  the 
retina  is  very  unsatisfactory,  improvement  if  obtained 
being  seldom  permanent,  even  when  treatment  is 
undertaken  soon  after  the  detachment  lias  occurred. 
Puncture  of  the  sclerotic  over  the  detachment  is 
occasionally  followed  by  marked  improvement,  and 
the  result  is  said  to  be  better  if  the  sclerotic  be  laid 
bare  by  dissecting  up  the  conjunctiva  before  the 
puncture,  and  if  the  puncture  be  rather  In-oad  (about 
2  to  4  mm.)  ;  the  subretinal  fluid  rapidly  drains 
away.  The  conjunctival  wound  should  be  sutured. 
Profuse  sweating  and  salivation,  induced  by  pilo- 
carpine (F.  38)  has  been  recommended  in  recent  cases. 
Mere  rest  in  bed  for  some  days  in  a  subdued  light  and 
with  the  eyes  tied  up,  is  often  followed  for  a  time 
by  decided  improvement  of  sight.  The  best  results 
seem  to  have  been  obtained  by  this  means  combined 
with  scleral  puncture,  in  recent  cases. 

Clinical  forms  of  Retinal  Disease 

The  symptoms  of  retinal  disease  relate  only  to 
the  failure  of  sight  which  they  cause,  and  this 
may  be  either  general,  or  confined  to  a  part  of  the 
field,  according  to  the  nature  of  the  case.  Neither 
photophobia  nor  pain  occurs  in  uncomplicated 
retinitis. 

Syphilitic  retinitis  is  generally  associated  with,  and 
secondary  to,  choroiditis  (pp.  188 — 192),  but  the 
retinitis  may  be  primary.  The  vitreous  in  this  dis- 
ease as  in  syphilitic  choroiditis,  is  often  hazy,  and 
the  oj)acities  are  sometimes  seated  deeply,  just  in 
front  of  the  retina.  The  changes  are  those  of 
diffuse  retinitis  (p.  201,  1),  with  slight  "smoky" 
haze,  often  confined  to  the  region  of  the  yellow  spot 
or  disc ;  but  in  bad  cases  the  haze  passes  into  a 
whiter  mistiness,  and  extends  over  a  much  larger 
region  ;  sometimes  long,  branching  streaks  or  bauds 
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of  dense  opacity  are  met  with,  and  hsemorrhages  may 
occur.  The  disc  is  always  hazy,  and  at  first  too  red, 
while  the  retinal  vessels,  both  arteries  and  veins,  are 
somewhat  turgid  and  tortuous ;  rarely  the  disc  be- 
comes opaque  and  swollen  (papillitis,  -p.  222).  At  a 
late  period,  in  unfavorable  cases,  the  vessels  shrink 
slowly,  almost  to  threads,  the  retina  often  becomes 
pigmented  at  the  periphery,  and  the  pigmented  epi- 
thelium disapjjears. 

Syphilitic  retinitis  is  one  of  the  secondary  symp- 
toms, seldom  setting  in  earlier  than  six,  or  later 
than  eighteen,  months  after  the  primary  disease.  It 
occurs  in  congenital  as  well  as  acquired  syphilis.  It 
generally  attacks  both,.eyes,  though  often  with  an 
interval.  Its  onset  is  often  rapid,  as  judged  by  its 
chief  symptom,  failure  of  sight,  and  it  may  be  stated 
that,  as  a  rule,  the  degree  of  amblyopia  is  much 
higher  than  would  be  expected  from  the  ophthal- 
moscopic changes.  Night-blindness  is  often  a  pro- 
nounced symptom.  Its  course  is  chronic,  seldom 
lasting  less  than  several  months,  and  it  shows  a  re- 
markable tendency,  for  many  months,  to  repeated 
and  rapid  exacerbations  after  temporary  recoveries, 
but  with  a  tendency  to  get  worse  rather  than  per- 
manently better.  Amongst  the  early  symptoms  is 
often  a  "  flickering,"  and  micropsia ;  these  with  the 
history  of  variations  lasting  for  a  few  days,  and  of 
marked  night-blindness,  often  lead  to  a  correct 
surmise  before  ophthalmoscopic  examination.  There 
is,  however,  nothing  i?athognomonic  in  any  of  the 
symptoms.  An  annular  defect  in  the  visual  field 
("  ring  scotoma")  may  often  be  found  if  sought;  in 
the  late  stages  the  field  is  contracted. 

Mercury  produces  most  marked  benefit,  and  when 
used  early  it  permanently  cures  a  large  proportion 
of  the  cases ;  but  in  a  number  of  cases,  perhaps  in 
those  where  there  is  most  choroiditis,  the  disease 
goes  slowly  from  bad  to  worse  for  several  years,  in 
spite  of  very  prolonged  mercurial  treatment.    Of  the 

14 


210 


DISEASES  OP  THE  RETINA 


Chap. 


cflficacy  of  prolouged  disuse  of  tlie  eyes,  and  of  local 
couuter-irritiition  or  depletion,  strontrly  recommended 
by  many  authors,  I  have  had  Imt  little  experionee. 

Albiiviimiric  retinitis  {'pajiiUo-retinitis).  —  Tbo 
changes  are  strongly  marked,  and  so  eharaoteristic. 
that  it  is  ])OssiLle,  in  most  cases,  to  sav  from  an 
ophthalmoscopic  examination  alone  that  the  patient 
is  suffering  from  kidney  disease. 

The  earliest  change  (the  stage  of  oedema  and  exu- 
dation) is  a  general  haze,  of  greyish  tint,  in  the 
centi-al  region  of  the  retina,  mostly  with  some 
hoemorrhages  and  soft-edged  Avhitish  patches  (3,  p. 
20i5),  and  with  or  without  haze  and  swelling  of  the 
disc.  lu  this  stage  the  sight  is  often  unimpaired, 
and  so  the  cases  are  seldom  seen  by  o])hthalmic 
surgeons  till  a  few  weeks  later,  when  the  translucent, 
probably  albuminous,  exudations  in  the  swollen 
retina  have  passed  into  a  state  of  fatty  or  fibrinous 
degeneration,  a  change  which  affects  both  the  nerve- 
fibres  and  connective  tissue. 

In  this,  the  second  stage,  we  find  a  u\imber  of 
pure  white  dots,  spots,  or  patches,  in  the  hazy 
region,  and  especially  grouped  around  the  yellow 
spot.  Their  peculiarity  is  their  sharp  definition  and 
pure,  opaque,  white  colour;  indeed,  when  small  and 
round,  they  are  almost  glistening.  When  not  very 
numerous  they  are  generally  confined  to  the  yellow- 
spot  region,  from  Avhich  they  show  a  tendency  to 
radiate  in  lines  (Fig.  79)  ;  when  very  small  and 
scanty  they  may  be  overlooked,  unless  we  examine 
the  erect  image ;  but  frequently  large  patches  are 
formed  by  the  confluence  of  small  spots,  and  the 
borders  of  these  patches  are  striated,  crenated,  or 
spotted.  At  this  stage  the  soft-edged  j^atches  (Fig. 
80)  have  often  to  a  great  extent  disappeared,  or 
become  merged  into  more  general  opacity  of  the 
retina  ;  the  disc  is  hazy  and  somewhat  swollen,  es- 
pecially j  ust  at  its  margin,  and  the  rj?tina,  as  judged  by 
the  undulations  of  its  vessels,  and  confirmed  by  post- 
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mortem  examination,  is  mucli  thickened.  Haemor- 
rhages are  generally  still  present,  and  occasionally 
they  constitute  the  most  marked  feature ;  they  are 
usually  striated.  Sometimes  an  artery  is  seen  sheathed 
by  a  dense  white  coating.  *  In  another  group  papillitis 
is  the  most  marked  change,  though  some  bright 
white  retinal  spots  are  always  to  be  found  by  careful 
examination. 

The  usual  tendency  is  towards  subsidence  of  the 
oedema,  and  absorption  of  the  fatty  deposits  and 
extx-avasations,  generally  with  improvement  of  sight 
— the  third  stage,  or  stage  of  absorption  and  atrophy. 

In  the  course  of  several  months  the  white  spots 
diminish  in  size  and  number,  until  only  a  few  very 
small  ones  are  left  near  the  yellow  spot,  with,  per- 
haps, some  residual  haze :  the  blood-patches  are 
slowly  absorbed,  often  leaving  small  round  pigment 
spots  (p.  205),  and  the  i-etinal  arteries  may  be 
shrunken.  In  cases  of  only  modei-ate  severity  al- 
most perfect  sight  is  restored.  But  when  the  ojjtic 
disc  suffers  severely  (severe  papillitis),  or  if  the 
retinal  disease  be  excessive,  and  attended  by  great 
cedema,  sight  either  improves  very  little,  or,  as  the 
disc  passes  into  ati'ophy  and  the  retinal  vessels  con- 
tract, it  may  sink  to  almost  total  blindness.  Such  ai 
condition  may  be  mistaken  for  atrophy  after  cerebral ; 
neuritis  (p.  225)  ;  but  the  presence  of  a  few  minute ' 
bright  dots  or  of  some  superficial  disturbance  of  the' 
choroid,  at  the  yellow  spot,  or  of  some  scattered 
pigment  spots  left  by  extravasations,  will  generally 
lead  to  a  correct  infei'ence.  In  the  cases  attended 
by  the  greatest  swelling  and  opacity  of  retina  and 
disc,  death  often  occurs  before  retrogressive  changes 
have  taken  place.  In  extreme  cases  the  retina  may 
become  deeply  detached  from  the  choroid. 

Albuminui'ic  i*etinitis  is  almost  invariably  s^iime- 

*  Illustrations  of  this  are  given  in  Gowers' '  Medical  0])hthal- 
moscopy,'  1)1.  xii,  fig.  1,  and  in  'Trans.  Ophth.  Soc.,'  vol.  ii, 
pi.  ii. 
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trical,  but  seldom  quite  equal  in  degree  or  result  iu 
the  two  eyes. 

The  kidney  disease  iu  the  malady  under  considera- 
tion is  nearly  always  chronic.  The  retinitis  may  occur 
iu  ^juy  chronic  nei^yhritis,  and  in  the  albuminuria  of 
pregnancy.  Whatever  be  the  form  of  the  kidney 
disease,  the  retinitis  usually  occurs  with  other  symp- 
toms of  active  kidney  mischief,  such  as  headache, 
vomiting,  loss  of  appetite,  and  often  anasarca ;  but 
occasionally  the  retinitis  is  the  first  recognisable 
sign.  The  quantity  of  albumen  varies  very  much. 
In  the  absence  of  anasarca  the  symptoms  are  often 
put  down  to  "biliousness,"  and  as  in  such  cases  the 
failure  of  sight  is  the  most  troublesome  symptom, 
the  ophthalmoscope  often  leads  to  the  correct  dia- 
gnosis. A  second  attack  of  retinitis  sometimes  occurs 
in  connection  with  a  relapse  of  renal  symptoms. 
Many  of  the  best  marked  cases  of  albuminuric  reti- 
nitis occur  in  the  albuminuria  of  pregnancy,  and  the 
prognosis  for  sight  is  good  in  many  of  these  if  the 
symptoms  come  on  sufficiently  late  in  the  pregnancy 
to  permit  of  the  cause  being  removed  by  the  induc- 
tion of  artificial  labour ;  but  some  of  them  (probably 
cases  of  old  kidney  disease)  do  very  badly,  and  pass 
into  atrophy  of  the  nerves. 

Though  the  diagnosis  of  renal  disease,  based  on  the 
presence  of  the  symmetrical  retinal  changes  above 
described,  will  usually  be  verified  by  the  physician, 
we  do  unquestionably  now  and  then  meet  with  cases 
of  similar  retinitis  in  which  no  kidney  disease  can  be 
clinically  proved.    Trousseau  describes  several  cases 
of  this  sort  in  which  albumen  appeared  later.*  Such 
cases  need  furtber  attention.    The  cases  of  cerebral 
ueuro-retinitis  mentioned  at  p.  227,  and  rare  cases  of 
retinitis,  exactly  like  renal  retinitis  but  confined  to 
one  eye,  have  also  to  be  allowed  for.     Retinal  , 
changes  more  or  less  like  those  above  described  are| 
also  found  in  other  chi'onic  general  diseases,  e.  g.  ? 
*  '  Bull,  de  I'Hopital  des  Quatre-vingts,'  iv,  4,  173. 
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diabetes,  pernicious  ansemia,  and  leucocythsemia 
i  (Chapter  XXnT)'.'    ^ " 

The  term  retinitis  hcemorrhagica  lias  been  given  to 
cases  characterised  by  very  numerous,  linear,  or 
flame-sliaped  retinal  lisemorrhages,  chiefly  of  small 
size,  all  over  tlie  fundus,  sometimes  with  extreme 
venous  engorgement  and  retinal  oedema,  but  in 
other  cases  witliout  these  featui-es.  It  usually 
occurs  in  only  one  eye  at  a  time,  and  comes  on 
rapidly.  The  patients  are  often  gouty,  or  the  sub- 
jects of  disease  of  cardiac  valves,  or  of  the  arterial 
system.  Thrombosis  of  the  trunk  of  the  vena  centmlis 
retince  is  probably  the  (determining  cause  of  the  con- 
dition* when  there  is  much  venous  distension  and 
retinal  oedema  ;  multij)le  disease  of  minute  retinal 
vessels,  when  these  symptoms  are  absent.  Retinitis 
hsemorrhagica,  of  whichever  type,  is  not  common. 

Other  cases  are  seen  where  extravasations,  vaiying 
much  in  size,  number  and  shape,  are  scattered  in 
different  parts  of  the  fundus  of  one  or  both  eyes. 
Some  of  them  are  probably  allied  to  the  above,  but 
often  the  nature  of  the  case  is  obscure,  or  the  haemor- 
rhages are  related  to  senile  degeneration  of  vessels. 
Such  cases  have  been  called  retinitis  apoplectica. 

Lastly,  in  an  important  group,  a  single  very  large 
extravasation  occurs  from  rupture  of  a  large  retinal 
vessel,  probably  an  artery.  The  haemorrhage  is  gene- 
rally in  the  yellow-spot  region;  in  process  of  absorp- 
tion it  becomes  mottled,  the  densest  parts  remaining 
longest,  and,  if  seen  in  that  condition  for  the  first 
time,  the  case  may  be  taken  for  one  of  multiple 
haemorrhages.  These  large  extravasations  cause 
great  defect  of  sight,  which  comes  on  in  an  hour  or 
two,  but  not  with  absolute  suddenness.  Absorption, 
in  the  several  groups  of  cases  just  mentioned,  is  very 
slow. 

Hsemorrhages  may  occur  from  blows  on  the  eye. 
They  are  usually  small  and  quickly  absorbed,  differ- 
*  Hutchinson ;  Michel,  Graefe's  '  Arch.  f.  Ophth.,'  xxiv,  2. 
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ing  in  the  latter  respect  very  much  from  the  cases 
before  described. 

Embolism  of  the  central  artery  of  the  retina,  or  of 
one  or  more  of  its  main  divisions,  gives  rise  to  a  cha- 
racteristic retinitis,  the  cause  of  v?hich  can  in  most 
cases  be  recognised  at  once  if  it  be  recent ;  whilst  in 
old  cases  the  appearances,  taken  with  the  history, 
lead  to  a  riglit  diagnosis.  Thromhosis  of  the  artery 
causes  similar  changes. 

The  leading  symptom  of  embolism  is  the  occur- 
rence of  an  instantaneous  defect  of  sight,  which  is 
found  on  trial  to  be  limited  to  one  eye ;  sometimes 
the  feeling  is  as  if  one  eye  bad  suddenly  become 
"  shut,"  the  blindness  being  as  sudden  as  that  from 
quickly  closing  the  lids  ;  but  Avhether  the  defect 
amounts  to  absolute  blindness  or  no,  depends  on  the 
position  and  size  of  the  i)lug.  Many  of  the  patients 
have  evidence  of  cardiac  disease.  Chorea  has  been 
present  in  a  few.  In  any  case,  owing  "to  the  tempo- 
rary establishment  of  collateral  circulation  by  the 
capillary  anastomoses  at  the  disc  (p.  198),  the  patient 
sometimes  notices  an  improvement  of  sight  a  few 
hours  after  the  occurrence.  This  improvement,  how- 
ever, is  but  slight,  the  collateral  channels  being  quite 
insufficient  to  meet  the  demand  ;  nor  is  it  often 
permanent,  because  the  retina  suffers  very  quickly 
from  the  almost  complete  stasis,  oedema  and  inflam- 
mation raj)idly  setting  in  and  leading  to  permanent 
damage. 

If  the  case  be  seen  within  a  few  days  of  the  occur- 
rence, the  red  reflex  of  the  choroid  around  the  yellow 
spot  and  disc  is  quite  obscured,  or  jiartially  dulled, 
by  a  diffused  and  uniform  white  mist.  The  opacity 
is  greatest  just  around  the  centre  of  the  yellow  spot, 
where  the  retina  is  very  vascular  (Fig.  78),  and  where 
its  cellular  elements  (ganglion  and  granule  layers) 
are  more  abundant  than  elsewhere ;  but  at  the  very 
centre  of  the  white  mist  a  small,  round,  red  sjwt  is 
generally  seen,  so  well  defined  that  it  may  be  mis- 
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taken  for  a  lisBmorrliage  ;  it  represents  the  fovea 
centralis,  where  the  retina  is  so  thin  that  the  choroid 
continues  to  shine  through  it  when  the  surrounding 
parts  are  o^jaque  ;  it  is  sjioken  of  by  authors  as  the 
"  cherry -red  spot  at  the  macula  lutea."    This  appear- 
ance is  very  seldom  seen  except  after  sudden  arrest 
of  arterial  blood  supply,  by  embolism  or  thrombosis 
of  the  arteria  centralis,  and  perhaps  by  hfemor- 
rhage  into  the  optic  nerve  compressing  the  vessels  ; 
and  of  these  causes  embolism  appears  to  be  the  com- 
monest.   Tbe  haze  surrounds,  and  generally  affects, 
the  disc  also,  which  soon  becomes  very  pale.  The 
small  veins  in  the  yellow-spot  region  often  stand  out 
with  great  distinctness,  being  enlarged  by  stasis,  and 
conspicuous  from  contrast  with  the  white  retina. 
Small  htemorrhages  are  often  present.    The  larger 
retinal  vessels,  both  arteries  and  veins,  are  more  or 
less  diminished  at  and  near  the  disc,  the  artei'ies  in 
the  most  typical  cases  being  reduced  to  mere  threads  ; 
both  arteries  and  veins  are,  however,  sometimes  ob- 
served to  increase  in  size  as  they  recede  from  the  disc. 
The  ai'teries,  however,  are   not   always  extremely 
shrunken  in  cases  of  retinal  embolism,  the  variations 
de2:)ending  upon  the  position  and  size  of  the  plug 
i.  e.  upon  whether  the  occlusion  is  complete  or  not. 
The  sudden  and  complete  failure  of  supjDly  to  a  single 
branch  of  a  retinal  artery  is  sometimes  followed  by  its 
emptying  and  shrinking  to  a  white  cord  almost  im- 
mediately.   In  other  cases  the  branch  may  for  a  time 
be  little,  if  at  all,  altered  in  size,  and  yet  its  blood 
column  be  quite  stagnant,  as  is  proved  by  the  im- 
possibility of  producing  pulsation  in  it  by  the  firmest 
pressure  on  the  globe,  whilst  the  other  branches  re- 
spond perfectly  to  this  test  (p.  51).    Sometimes  this 
pressure  test,  which  showed  blockage  of  some  or  all 
branches  shortly  after  the  onset,  again  produces 
pulsation  a  few  days  later  without  visible  evidence 
of  collateral  circulation,  thus  proving  the  re-esta- 
blishment of  the  main  channel. 


216 


DISEASES  OF  THE  RETINA 


Chap. 


In  from  one  to  about  four  weeks  the  cloudiness 
clears  off,  and  the  disc  passes  into  moderately  white 
atrophy  ;  the  arteries,  or  some  of  them  (according  to 
the  position  of  the  plugging),  are  either  reduced  to 
bloodless  white  lines,  or  simply  narrowed. 

Sight  is  almost  always  lost,  or  only  perception  of 
large  objects  retained,  whatever  be  the  final  state  of 
the  blood-vessels.  In  the  rare  cases,  where  an  em- 
bolus passes  beyond  the  disc,  and  is  arrested  in  a 
branch  at  some  distance  from  it,  the  changes  are  con- 
fined to  the  corresponding  sector  of  the  retina,  and  a 
limited  defect  of  the  field  is  the  only  permanent 
result.  It  is  scarcely  necessary  to  say  that  no  treat- 
ment can  be  of  any  use  in  cases  of  lasting  occlusion 
of  the  retinal  arteries.  It  will  be  obvious,  too,  that 
these  lesions  will  be  limited  to  one  eye,  though  a 
similar  accident  is  occasionally  seen  afterwards  in  the 
other. 

In  a  few  cases  sudden  simultaneous  blindness  of 
both  eyes  has  occurred  with  extremely  diminished 
retinal  arteries  ischaimia  retince"),  and  iridectomy 
has  been  followed  by  return  of  sight ;  lower  tension 
causing  re-establishment  of  circulation.  (See  also 
Quinine  blindness.) 

Retinitis  pigmentosa  is  a  very  slowly  progressive 
symmetrical  disease,  leading  to  atrophy  of  the  retina, 
with  collection  of  black  pigment  in  its  layers  and 
around  its  blood-vessels,  and  secondary  atrophy  of 
the  disc. — The  earliest  symptom  is  inability  to  see 
well  at  night,  or  by  artificial  light  (night-blindness, 
nyctalopia).  Concentric  contraction  of  the  visual 
field  soon  occurs  (Fig.  84).  These  defects  may 
reach  a  high  degree,  whilst  central  vision  remains 
excellent  in  bright  daylight.  The  symptoms  are 
noticed  at  an  eai-lier  stage  by  patients  in  whom  the 
choroid  is  dark,  and  absorbs  much  light. 

Ophthalmoscopic  examination,  where  these  symp- 
toms have  been  present  for  some  years,  shows : — 
(1)  at  the  equator  or  periphery  a  greater  or  less 
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quantity  of  pigment,  arranged  in  a  reticulated  or 
linear  manner  (Fig.  81),  often  with  some  small, 
separate  dots ;  (2)  in  advanced  cases,  evidence  of 
removal  of  the  pigment  epithelium,  but  no  patches  of 
choroidal  atrophy  ;  (3) 
the  pigment  arranged 
in  a  belt,  which  is  gene- 
rally uniform,  the  pat- 
tern being  most  crowded 
at  the  centre,  and  thin- 
ning out  towards  the 
borders  of  the  belt ;  (4) 
that  the  changes  are 
always  symmetrical,  and 
the  symmetry  very  pre- 
cise. These  appearances 
are  quite  characteristic 
of  true  retinitis  pigmen- 
tosa. In  addition,  we 
find  (5)  diminution  in 
size  of  the  retinal  blood- 
vessels, the  arteries  in 
advanced  cases  being  mere  threads ;  (6)  a  peculiar 
hazy,  yellowish,  '-'  waxy  "  pallor  of  the  optic  disc  (p. 
191) ;  (7)  sometimes  the  pigmented  parts  of  the  retina 
are  quite  hazy  ;  (8)  posterior  polar  cataract  and  dis- 
ease of  the  vitreous,  are  often  present  in  the  later 
stages.  The  latter  changes  (5  to  8),  however,  are 
found  in  many  cases  of  late  retinitis  consecutive 
to  choroiditis,  and  are  not  peculiar  to  the  present 
malady. 

The  disease  begins  in  childhood  or  adolescence, 
progresses  slowly  but  surely,  and,  as  a  rule,  ends  in 
blindness  some  time  after  middle  life.  A  few  cases 
of  apparently  recent  origin  are  seen  in  quite  aged 
persons,  and  a  few  are  considered  to  be  truly  con- 
genitej.  The  quantity  of  pigment  visible  by  the 
ophthalmoscope  varies  much  in  cases  of  apparently 
equal  duration,  and  is  not  in  direct  relation  to  the 


Fig.  84^ — Extreme  concentric 
contraction  of  field  of  vision 
(R.)  in  a  c:ise  of  advanced  re- 
tinitis pigmentosa.  The  cen- 
tral dot  sliows  the  fixation 
point.  The  black  shows  the 
part  lost. 
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defect  of  sight;  cases  even  occur,  which  certainly 
belong  to  the  same  category,  in  which  no  pigment  is 
visihlc  during  life,  the  retina  being  merely '  hazy, 
though  microscopical  examination  reveals  abundance 
of  minutely  divided  pigment  (Poncet).  The  patho- 
genesis of  the  disease  is  not  finally  settled ;  it  is  at 
present  doubtful  whether  there  is  from  the  first  a 
slow  sclerosis  of  the  connective-tissue  elements  of  the 
retina,  with  passage  inwards  of  pigment  from  the 
pigment  epithelium,  or  whether  the  disease  begins  in 
the  superficial  layer  of  the  choroid  and  the  pigment 
epithelium.  Its  cause  is  obscure.  It  is  undoubtedly 
strongly  licritable,  and  many  high  authorities  believe 
that  it  is  really  produced  by  consanguinity  of  mar- 
riage, either  between  the  parents  or  near  ancestors  of 
the  affected  jDersons.  Some  of  its  subjects  ai'e  of  full 
mental  and  bodily  vigour  ;  but  many  are  badly  gro^yn, 
suffer  from  progressive  deafness,  and  are  defe£- 
tive  in  intellect.  Although  want  of  education,  as 
a  consequence  of  defective  sight  and  hearing,  may 
sometimes  account  for  this  result,  we  cannot  thus 
explain  the  various  defects  and  diseases  of  the 
nervous  system,  which  are  not  infrequently  noticed 
in  kinsmen  of  the  patients.  That  the  subjects  of 
this  disease  should  be  discouraged  from  marrying  is 
sufficiently  evident.  In  a  few  cases  galvanism  bas 
been  followed  by  improvement  both  of  vision  and 
visual  *  field,  but  no  other  treatment  has  any  influence. 
Complications  such  as  cataract  and  myopia  are  not 
uncommon,  and  must  be  treated  on  general  prin- 
ciples. 

It  is  sometimes  very  difficult  to  distinguish  widely- 
diffused  and  superficial  choroiditis,  with  pigmentation 
of  retina  and  atrophy  of  the  disc,  from  true  retinitis 
pigmentosa.  The  question  will  generally  relate  to 
cause,  as  between  retinitis  pigmentosa  and  choroido- 
retinitis  fi'om  syj)hilis  (p.  191). 

Betinal- disease  from  intense  light. — A  number  of 
*  Gunn,  '  Ophth.  Hosp.  Reports,'  x,  161,  and  others. 
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cases  have  now  been  observed  in  whicb  blindness  of 
a  small  area  at  the  centre  of  the  field  has  been  caused 
by  staring  at  the  sun,  usually  during  an  eclipse, 
Correspondicg  to  this  functional  defect,  ophthalmo- 
scopic evidences  of  choroiditis  or  choroido-retinitis 
have  been  found  at  the  yellow  spot.  The  defect 
often  lasts  for  months,  if  not  permanently.*  (Com- 
pare blindness  from  snow,  electric  light,  &c., 
p.  246.) 

*  For  accounts  of  cases  and  experiments  on  this  iiffection 
see  '  Lond.  Med.  Kecord,'  October,  1883;  also  '  Oplithnlmic 
Review,'  April  and  May. 
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CHAPTER  XIV 

DISEASES  OF  THE  OPTIC  NERVE 

The  optic  nerve  is  often  diseased  in  its  whole 
length,  or  in  some  part  of  its  course,  either  within 
the  sknll,  in  the  orbit,  or  at  its  ocular  end. 

The  effect  of  disease  of  the  optic  nerve  in  pro- 
ducing (1)  ophthalmoscopic  changes  in  its  visible  por- 
tion (the  optic  disc,  or  papilla  optica) ,  smd  (2)  defect 
of  sight,  varies  greatly  according  to  the  seat,  nature, 
and  duration  of  the  disease.  The  appearance  of  the 
disc  may  be  entirely  altered  by  oedema  and  inflam- 
mation, without  the  nerve-fibres  losing  their  conduc- 
tivity, and,  therefore,  without  loss,  or  even  defect,  of 
sight ;  on  the  other  hand,  inflammatory  or  atrophic 
changes,  causing  destruction  of  the  nerve-fibres,  may 
arise  in  the  nerve  at  a  distance  from  the  eye,  and, 
whilst  producing  great  defect  of  sight,  cause  little  or 
no  immediate  change  at  the  disc.  Although  we  are 
here  concerned  chiefly  with  the  ophthalmoscopic  and 
visual  sides  of  the  question,  a  few  words  are  needed 
as  to  the  morbid  changes  in  the  nerve. 

The  pathological  changes  to  which  the  optic  nerve 
is  liable  include  those  which  affect  other  nei've-tissues. 
Inflammation  varying  in  seat,  cause  and  rapidity, 
and  resulting  in  recovery  or  atrophy,  may  originate 
in  the  nerve  itself,  may  pass  down  it  from  the  brain 
(descending  neuritis),  or  may  extend  into  it  from 
parts  around  ;  atrophy  may  occur  from  jiressure  by 
tumours,  or  distension  of  neighbouring  cavities  (e.  g. 
the  third  ventricle),  or  from  laceration  of  the  nerve  or 
its  central  vessels  in  the  orbit,  or  damage  from  frac- 
tui'e  of  the  optic  canal ;  and  the  optic  nerve  is  very 
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subject  to  tbe  change  known  as  "  grey  degeneration  " 
or  "  sclerosis." 

Lastly,  the  oi^tic  nerve  being  surrounded  by  a 
lymphatic  space  ("  subvaginal  space  "),  wliicli  is  con- 
tinuous through  the  optic  foramen -with  the  meningeal 
spaces  ill  the  skull,  and  is  bounded  by  a  tough,  fibrous 
"  outer  sheath,"  is  liable  to  be  affected  by  morbid 
processes  going  on  in  that  space.  This  subvaginal 
or  inter-sheath  space,  bounded  externally  by  tbe 
outer  sheath  of  the  optic  nerve,  is  lined  internally  by 
the  inner  sheath  which  is  closely  adherent  to  the 
nei-ve  itself  (Fig.  37).  Fluid  retained  or  secreted  in 
the  subvaginal  space  is  often  found  there  jJos< 
mortem,  in  cases  of  the  optic  neuritis  about  to  be 
described  as  so  commonly  associated  with  intracranial 
disease,  and  has  been  held  to  explain  the  occurrence 
of  this  neuritis.  Recent  microscopical  researches, 
however,  have  shown  that  inflammatory  changes  can 
usually  be  traced  along  the  Avhole  course  of  the  optic 
nerves  from  their  intracranial  part  to  the  eye.  The 
occurrence  of  optic  papillitis*  in  intracranial  disease 
is  probably,  therefore,  explained  by  an  extension  of 
inflammation  from  the  brain  or  its  membranes  either 
along  the  interstitial  connective  tissue  of  the  nerve  or 
down  the  inner  nerve-sheath,  or  perhaps,  in  some 
cases,  along  the  intrinsic  blood-vessels  of  the  optic 
nerve.  This  explanation  by  "  descending  neuritis  " 
has  always  been  accepted  for  the  papillitis  caused  by 
meningitis :  but  other  hypotheses,  which  have  been, 
or  seem  likely  to  be,  given  uj?,  have  until  lately  been 
held  by  most  authorities  to  be  more  applicable  to  the 
papillitis  caused  by  cerebral  tumour,  because  in  this 
fonn  the  signs  of  inflammation,  as  distinguished 
from  oedema  and  degeneration,  in  the  nerve  above  the 
disc  and  in  the  membranes  at  the  base  of  the  brain, 

*  "  Papillitis "  has  been  proposed  by  Leber  instead  oi 
"  Neuritis  "  to  designate  the  ophthalmoscopic  appearances  of 
the  inflamed  or  swollen  disc,  without  reference  to  theories  of 
causation,  or  to  the  state  of  the  nerve  trunk. 
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are  so  slight  as  to  have  eluded  discovery  until  sought 
carefully  by  modern  microscopical  methods.  The 
part  taken  by  the  fluid,  which,  as  stated  above,  is 
often  present  iu  the  subvagiual  space  of  the  nerve 
and  in  greatest  quantity  close  to  the  eye,  is  not 
yet  known.  It  may  act  in  either  or  both  of  two 
ways  ;  mechanically,  by  compressing  the  nerve  and 
hindering  return  of  blood  from  the  retina,  and  thus 
complicating  an  already  existing  neuritis,  or  vitally, 
by  carrying  inflammatory  germs  from  the  cranial 
•cavity  to  the  optic  nerve.  It  is  not  yet  fully  known 
how  cerebral  tumours  set  up  descending  optic  neuritis 
when  the  absence  of  fluid  in  the  sheath  precludes 
any  appeal  to  its  influence ;  but  many  facts  point  to 
tlie  probability  that  they  do  so  by  lighting  up  irritation 
with  increase  of  cell-growth  in  the  surrounding  brain 
substance,  and  local  meningitis.  Nor  is  it  fully 
understood  why  the  other  cranial  nerves  are  so  seldom 
damaged,  at  least  permanently.* 

As  already  stated  in  previous  chapters,  inflamma- 
tion may  extend  into  the  disc  from  the  retina  or 
choroid  near  to  it,  and  may  occur  in  consequence 
of  the  sudden  arrest  of  the  blood-current  caused 
by  embolism  and  thrombosis  of  the  central  retinal 
vessels,  in  their  coui'se  through  the  nerve. 

The  ophthalmoscopic  signs  of  papillitis  are  caused 
by  varying  degrees  of  oedema,  congestion,  and  in- 
flammation of  the  disc.  It  is  no  longer  useful  to 
maintain  the  old  ophthalmoscopic  distinction  between 

*  For  a  full  and  masterly  statement  of  this  difficult  subject, 
enriched  with  many  new  facts,  the  reader  is  referred  to  Dr 
Gowers's  '  Mauual  and  Atlas  of  Medical  Ophthalmoscopy.'  In 
recent  careful  papers  Drs  Edmunds  and  Lawford  maintain  that 
meningitis  is  probably  always  the  starting-point  of  optic  neu- 
ritis, even  iu  cases  of  cerebral  tumour,  and  that  the  inflamma- 
tion usually  travels  down  the  inner  sheath  of  the  optic  nerve, 
•  Trans.  Ophth.  Soc.,'  1883—1886.  See  also  the  papers  by  Drs 
Stephen  Mackenzie,  Brailey,  and  others,  in  the  first  volume  of 
the  same  '  Trans.,'  1881,  and  in  the  '  Trans,  of  luternat.  Med. 
Congress,'  1881. 


XIV. 


DISEASES  OF  THE  OPTIC  NERVE 


223 


"  swollen  disc,"  or  "  choked  disc,"  and  "optic  neu- 
ritis." The  latter  term  was  formerly  reserved  for 
cases  showing  little  oedema,  but  much  opacity, 
changes  which  were  supposed  esj^ecially  to  indicate 
inflammation  passing  down  the  nerve  from  the 
brain ;  but  if  oedema  and  venous  engorgement  pre- 
dominated ("choked  disc"),  the  changes  wei"e  attri- 
buted to  compression  of  the  optic  nerve  by  fluid  in 
its  sheath-space,  or  with  less  reason  to  pressure  on 
the  ophthalmic  vein  at  the  cavernous  sinus.  The 
changes  are  often  mixed,  or  vary  at  different  stages 
of  the  same  case.  The  terms  "  neuritis "  and 
"  papillitis  "  will  be  here  used  to  the  exclusion  of 
"  choked  disc." 

The  most  important  early  changes  in  optic  papil- 
litis are  blurring  of  the  border  of  the  disc  by  a 
greyish  opalescent  haze,  distension  of  the  large  re- 
tinal veins,  and  swelling  of  the  disc  above  the  sur- 
rounding retina.  Swelling  is  shown  by  the  abrupt 
bending  of  the  vessels,  with  deepening  of  their 
colour  and  loss  of  the  light  streak — they  are,  in  fact, 
seen  foreshortened ;  also  by  noticing  that  slight 
lateral  movements  of  the  observer's  head,  or  lens, 
cause  an  apparent  movement  of  the  vessels  over 
the  choroid  behind,  because  the  two  objects  are  on 
■diff'erent  levels  ("parallactic  test,"  p. '207).  The 
patient  may  die,  or  the  disease  may,  after  a  longer 
or  shorter  time,  recede  at  this  stage.  But  further 
■changes  generally  occur,  the  haziness  becomes  de- 
cided opacity,  which  more  or  less  obscures  the  central 
vessels,  and  covers  and  extends  beyond  the  border  of 
the  papilla  (Fig.  85),  so  that  the  disc  appears  enlarged  ; 
its  colour  becomes  a  mixture  of  yellow  and  pink  with 
grey  or  white,  and  it  looks  striated  or  fibrous, 
appearances  due  to  a  whitish  opacity  of  the  nerve- 
fibres  mingled  with  numerous  small  blood-vessels 
and  haemorrhages.  The  veins  become  larger  and 
more  tortuous,  even  kinked  or  knuckled  ;  the  arteries 
iiva  either  normal  or  somewhat  contracted ;  there 
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Fio.  85. — 0])litli!iliiioscoi)ic  iippeiirance  of  Revere  recent  papil- 
litis. Several  elonf:atcd  patches  of  blood  near  border  of 
disc.    (After  Hughlings  Jackson.)    Compare  with  Fig.  86. 


Fig.  86.— Section  of  the  swollen  disc  in  papillitis,  showing  that 
the  swelling  is  limited  to  the  layer  of  nerve-fibres  (longi- 
tudinal shading) ;  other  retinal  layers  not  altered  iu  thick- 
ness.   (Compare  with  Fig.  37.)     x  about  15. 

may  be  blood-patches.  The  swelling  of  the  disc  may 
be  very  great,  and  is  appreciated  either  by  the  above- 
mentioned  foreshortening  of  the  vessels,  by  the 
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parallactic  test,  or  by  ophthalraoscojjic  uieasuremeiit 
(p.  54). 

Such  changes  may  disapi^ear,  leaving  scarcely  a 
trace ;  or  a  certain  degree  of  atrophic  paleness  of  the 
disc,  with  some  narrowing  of  the  retinal  vessels  and 
thickening  of  their  sheaths,  or  other  slight  changes, 
may  remain.  But  in  many  cases  the  disc  gradually, 
in  the  course  of  weeks  or  months,  passes  into  a  state 
of  "post-i^apillitic,"  or  "con- 
secutive "  atrophy ;  the  opa- 
city firstbecomes  whiter  and 
smoother  looking  ("  woolly 
disc");  then  it  slowly  clears 
off,  genei-ally  first  at  the 
side  next  the  yellow  spot, 
and  the  retinal  vessels  sim- 
ultaneously shrink  to  a 
smaller  size,  though  they 
often  remain  tortuous  for 
a  long  time  (Fig.  87).  As 
the  mist  lifts,  the  sharp 
edge,  and  finally  the  whole 
surface  of  the  disc,  now  of 
a  staring-white  colour, 
again  comes  into  view.  A 
slight  haziness  often  re- 
mains, and  the  boundary  of 
the  disc  is  often  notched 
and  irregular ;  but  upon 
these  signs  too  much  reli- 
ance must  not  be  placed. 

Sight  is  seldom  much  affected* 
papillitis  has  existed  some  little  time. 


Fig.  87.— Atropliy  of  disc 
after  papillitis.  Upper 
and  lower  margins  stil! 
hazy;  veins  still  tortuous 
arteries  nearly  normal ; 
disturbance  of  choroidal 
pigment  at  inner  and 
outer  border.  Sight  in 
this  case  remained  fairly 
good.  The  disc  is  not  re'- 
prescnted  white  enough. 


until  marked 
If  the  morbid 

*  Dr  Hughlings  Jackson  was  the  first  to  notice  and  insist 
upon  tlic  frequency  of  papillitis  without  failure  of  sight  The 
discovery  was  of  immense  value,  for  double  i)a])illitis,  without 
other  changes  in  the  eye,  is  one  of  the  most  important  objective 
signs  we  possess  of  the  existence  of  tumour,  or  intlainmalion 


within  the  skull. 


15 
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process  quickly  cease,  often  no  failure  occurs ;  or  sight 
may  fail,  may  even  sink  almost  to  blindness,  for  a 
short  time,  and  recovery  take  place,  if  the  changes 
cease  before  compression  of  the  nerve-fibres  have 
given  rise  to  atrophy.  Early  blindness  in  double 
papillitis  may  be  due  to  pressure  on  the  chiasma  or 
tracts  rather  than  to  the  changes  we  sec  in  the  eyes. 
Gradual  failure  late  in  the  case,  when  retrogressive 
•changes  are  already  visible  at  the  disc,  is  a  bad  sign. 
The  sight  seldom  changes,  either  for  better  or  worse, 
after  the  signs  of  active  papillitis  have  quite  passed 
off,  and  though  the  relations  between  sight  and  final 
■ophthalmoscopic  appearances  vary,  it  is  usually  true 
(1)  that  great  shrinking  of  the  central  retinal  vessels 
indicates  a  high  grade  of  atrophy  and  great  defect  of 
sight,  and  is  generally  accompanied  by  extreme 
pallor,  with  some  residual  haziness,  of  the  disc 
{advanced  post-papillitic  atrophy)  ;  (2)  that  consider- 
able pallor,  and  other  slight  changes,  such  as  white 
lines  bounding  the  vessels,  or  streaks  caused  by 
increase  of  the  connective  tissue  of  the  disc,  are  com- 
patible with  fairly  good  sight,  if  the  central  vessels 
he  not  much  shrunken. 

Advanced  atrophy,  undoubtedly  following  papil- 
litis, does  not,  however,  always  show  signs  of  the 
past  violent  inflammation ;  the  appearances  may, 
indeed,  be  indistinguishable  from  those  caused  by 
primary  atrophy  (p.  229). 

Papillitis  is  double  in  the  great  majority  of  cases. 
If  single,  it  generally  indicates  disease  in  the  orbit. 
It  is  trjie  that  single  papillitis,  from  intracranial 
•disease,  is  occasionally  met  with  ;  and  that  in  many 
double  cases,  inequalities  are  often  seen  between 
the  two  eyes,  as  to  time  of  onset,  degree,  and  final 
result. 

The  changes  are  not  always  limited  strictly  to  the 
disc  and  its  border  (pure  papillitis),  for  in  some  cases 
a  wide  zone  of  surrounding  retina  is  hazy  and  swol- 
len, exhibiting  htemorrhages  and  white  plaques,  or 
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lustrous  white  dots  ( papillo-retinitis) .  It  is  not 
always  easy  to  say,  iu  such  a  case,  whether  the 
changes  are  due  to  renal  disease,  with  great  swelling 
of  the  disc  (p.  210),  or  to  some  intracranial  malady. 
In  renal  cases  there  is  albuminuria,  the  patient  is 
seldom  a  young  child,  and  the  cases  with  more  severe 
ueuro-retinitis  (where  the  diffei'ential  diagnosis  is 
most  important)  occur  in  an  advanced  stage  of  the 
kidney  disease  ;*  in  the  cases  of  neuro-retinitis  most 
closely  resembling  renal  cases,  but  caused  by  cerebral 
disease,  there  is  no  albumen,  and  the  white  deposits 
are  seldom  arranged  quite  as  in  renal  retinitis  (Fig. 
79),  whilst  the  papillitis  is  greater  than  is  usual  in 
renal  cases. 

Etiology  (compare  Chap.  XXIII). — Papillitis  occurs 
chiefly  in  cases  of  irritative  intracranial  disease,  viz.  iu 
meningitis,  both  acuteand  chronic,  and  in  intracranial 
new  growths  of  all  kinds,  whether  inflammatory  (sy- 
philitic gummata),  tubercular,  or  neoplastic.  It  is 
very  rare  in  cases  where  there  is  neither  inflammation 
nor  tissue  growth,  as  in  cerebral  haemorrhage  and 
intracranial  aneurysm.  Further,  it  must  be  stated 
that  no  constant  relationship)  has  been  proved  between 
.papillitis  and  the  seat,  extent,  or  duration  of  the  iu- 
.tracranial  disease.  Papillitis  has  occasionally  been 
found  without  coarse  disease,  but  with  widely  diffused 
minute  changes,  in  the  brain.  Thus,  the  occurrence 
of  papillitis,  although  pointing  very  strongly  to 
organic  disease  within  the  skull,  and  especially  to 
intraci'auial  tumour,  is  not  of  itself  either  a  localising 
or  a  differentiating  symptom.  Inflammation  about 
the  sphenoidal  fissure,  and  tumours,  nodes  and 
inflammations  in  the  orbit,  are  occasional  causes  of 
papillitis,  which  is  then  usually  one-sided,  and  often 
accompanied  by  extreme  oedema  and  venous  disten- 
sion ;  in  some  of  these  there  is  protrusion  of  the  eye 
with  affection  of  other  orbital  nerves,  and  the  exact 
seat  and  nature  of  the  disease  may  be  obscure.  Otitic 
*  Gowers,  p.  187. 
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neuritis  from  intracranial  disease  very  seldom  recurs 
after  subsidence.* 

Other  occasional  causes  of  double  paj^illitis,  with 
or  without  retinitis,  are  lead  poisoning,  the  various 
exanthemata  (including  recent  syphilis),  sudden  sup- 
pression of  menses,  simple  chronic  ana3mia,  rapid 
copious  loss  of  blood,  especially  from  the  stomach, 
and,  perhaps,  exposure  to  cold.  In  a  few  cases, 
well-marked  double  papillitis  occurs  without  other 
symptoms,  and  without  assignable  cause. 

Certain  cases  of  failui'e  of  sight,  usually  single, 
with  slight  neuritic  changes  at  the  disc,  followed  by 
recovery  or  by  atrophy,  must  be  refen-ed  to  a  local, 
pi'imary,  optic  neuritis,  some  distance  behind  the 
eye  (retro-ocular  neuritis').  The  changes  are,  clinic- 
ally, very  different  from  those  above  described  {see 
p.  238,  3). 

Syphilitic  disease  within  the  skull  is  a  common 
cause  of  papillitis,  but  the  eye  changes  alone  furnish 
no  clue  to  the  cause,  nor  to  its  mode  of  action,  which 
may  be — (1)  by  giving  rise  to  intracranial  gumma, 
not  in  connection  with  the  optic  nerves,  but  acting 
as  any  other  tumour  acts  (see  above)  ;  (2)  by  direct 
implication  of  the  chiasma  or  ojDtic  tracts  in  gum- 
matous inflammation  ;  (3)  in  rare  cases  neuritis, 
ending  in  atrophy  and  blindness,  occurs  in  secondary 
syi^hilis,  with  head  symptoms  pointing  to  menin- 
gitis ;  (4)  there  are  few  cases  of  double  papillitis  in 
late  secondary  syphilis,  without  either  head  sym- 
ptoms or  signs  of  ocular  disease  other  than  in  the 
discs ;  these  may  properly  be  called  "  syphilitic  optic 
neuritis." 

The  condition  of  the  pupil  in  neuritic  affections 
depends  partly  on  the  degree,  and  partly  on  the 
rapidity  of  failure  of  vision.  As  a  rule,  in  amaurosis 
from  atrophy  of  the  discs  after  papillitis,  the  pupils 
are,  for  a  time,  rather  widely  dilated  and  motionless  ; 

*  A  well-niiu-ked  case  lias,  howcvor,  been  recorded  by  I)r 
James  Anderson  in  tbe  '  Ophth.ahnic  Keview  '  for  May,  1886. 
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after  a  while  they  often  become  smaller,  and  unless 
the  blindness  be  complete,  they  regain  a  certain 
amount  of  mobility  to  light. 


By  this  is  meant  atrophy  of  the  nerve-fibres  of  the 
disc,  and  of  the  capillary  vessels  which  feed  it.  The 
disc  is  too  white;  Tnilk-white,  bluish,  greyish,  or  yel- 
lowish, in  different  cases.  Its  colour  may  be  quite 
uniform,  or  some  one  part  may  be  whiter  than 
another  ;  the  stippling  of  the  lamina  cribrom  (p.  48) 
may  be  more  visible  than  in  health,  or,  on  the  other 
hand,  entirely  absent,  as  if  covered,  or  filled  up  by 
white  paint  (Figs.  88  and  89).    The  central  retinal 


vessels  may  be  shrunken  or  of  full  size,  and  their 
<;ourse  natural  or  tpo  tortuous  ;  both  these  points  bear 
upon  the  diagnosis  of  cause  and  the  prognosis.  The 
choroidal  boundary  may  be  too  shai-ply  defined,  or,  as 
in  Fig.  87,  too  hazy  ;  it  may  be  even  and  circular,  or 
irregular  and  notched.  The  sclerotic  ring  (p.  47) 
is  often  seen  with  unnatural  clearness,  exposed  by 
wasting  of  the  overlying  nerve-fibres.  Mere  pallor 
of  the  disc,  such  as  we  see  in  extreme  general 
anaemia,  must  not  be  mistaken  for  atrophy ;  the 
change  is  then  one  of  colour  only,  without  unnatural 
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Fig.  88. — Simple  atrophy 
of  disc.  Stippling  of 
lamina  cribrosa  exposed. 
(VVecker.) 


F: 


'IG.  89. — Atro])liy  of  disc  from 
spinal  disease.  Lamina  cri- 
brosa concealed.  Vessels 
normal.  (Wecker.) 
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distinctness,  loss  of  transparency,  or  disturbance  of 
outline. 

Varieties. — (1.)  The  nerve-fibres  undergo  atrophy 
during  the  absorption  and  shrinking  of  the  new  con- 
nective tissue  formed  in  severe  neuritis  (post-papil- 
litic  atrophy,  p.  225  ;  embolism,  p.  214). 

(2.)  When  the  disc  particij^ates  secondarily  in 
inflammation  of  the  retina  or  choroid  it  also  partici- 
l^ates  in  the  succeeding  atrophy  (pp.  191,  205). 

(3.)  Atrojjhy  of  any  part  of  the  optic  nerve  or 
chiasma,  from  pressure — as  by  a  tumour  or  by  dis- 
tension of  the  third  ventricle  in  hydrocephalus— from 
injury,  or  local  inflammation,  leads  to  secondary 
atrophy,  whicli  sooner  or  later  reaches  the  disc. 
Such  cases  often  show  the  conditions  of  pure  atrophy, 
without  adventitious  ojiacity  or  disturbance  of  out- 
line, and  often  without  change  in  the  retinal  vessels. 
They  are  not  very  common. 

(4.)  The  optic  nerves  are  liable  to  chronic  sclerojiic 
changes,  with  thickening  of  the  connective  tissue 
framework  and  atrophy  of  the  nerve-fibi'es,  without 
the  occurrence  of  papillitis.  The  change  in  these 
cases  appears  often  to  begin  at  the  disc,  but  the  exact 
order  of  events  in  this  large  and  important  group  is 
not  fully  known. — Grroups  3  and  4  furnish  the  cases 
which  are  known  clinically  as  "  primary  "  or  "  pro- 
gressive "  atrophy  of  the  optic  disc. 

Clinical  aspects  of  atrophy  of  the  discs. — As  in  optic 
neuritis,  so  in  atrophy  and  pallor  of  the  disc,  there  is 
no  invariable  relation  between  the  api^earance  (espe- 
cially the  coloui")  of  the  disc  and  the  patient's  sight. 
A  considerable  degree  of  pallor,  which  it  may  be  im- 
possible to  distinguish  from  true  atrophy,  is  some- 
times seen  with  excellent  central  vision  (p.  24), 
though  usually  accompanied  by  some  defect  of  the 
visual  field.  Again,  the  discs  often  look  alike, 
although  the  sight  is  much  better  in  one  eye  than 
the  other. 

'  Patients  with  atrophy  of  the  disc  come  to  us 
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because  they  cannot  see  well,  or  are  quite  blind. 
There  are  usually  no  other  local  symiitoms  ex- 
cept such  as  may  be  furnished  by  the  pupils.  In 
post-papillitic  atrophy  the  puj^ils  are  generally  too 
large,  and  sluggish  or  motionless  to  light ;  in  most 


L.  R. 


Fig.  90. — Irregular  contraction  of  fields  of  vision  in  a  case  of 
progressive  atrophy  of  optic  nerves.  The  loss  is  symme- 
trical, but  more  advanced  in  the  L.,  where  it  has  extended 
over  the  fixation  point ;  in  the  E.  it  has  just  reached  the 
fi.xation  point  at  one  place.  The  black  repi-esents  the  parts 
lost. 


Fig.  91. — Irregular  contraction,  with  central  loss,  of  L.  visual 
field,  from  progressive  atrophy  of  optic  nerve  in  locomotor 
ataxy.  The  black  represents  the  blind  parts  ;  the  shading 
shows  partial  loss  of  vision. 

cases  of  primary  progressive  atrophy  they  are  of 
ordinary  size,  or  smaller  than  usual,  and  act  very 
imperfectly  (Chap.  XXIII).    When  only  one  eye  is 
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affected,  the  other  being  quite  healthy,  the  pupil  of 
the  amaurotic  eye  has  no  direct  action  to  light 
(p.  26),  and  is  often  a  little  larger  than  its  fellow. 

The  visual  field,  in  cases  of  atrophy,  is  generally 
contracted,  or  shows  irregular  invasions,  or  sector- 
like defects  (Figs.  90  and  91).  Colour-blindness  is  a 
marked  sym])tom  in  nearly  all  cases,  but  is  not  always 
proportionate  to  the  loss  of  visual  acuteness,  being 
in  some  much  greater  and  in  others  much  less  than 
the  state  of  central  vision  would  lead  us  to  expect. 
Green  is  the  colour  lost  soonest  in  nearly  all  cases, 
and  red  next. 

A.  Cases  in  which  both  discit  are  atrophied  may 
be  conveniently  classified  as  follows  in  regard  to 
diagnosis  and  prognosis. 

(1.)  If  tlie  changes  point  decidedly  to  recently 
past  papillitis  (p.  225),  there  is  some  prospect  of  im- 
provement ;  but,  on  the  other  hand,  sight  may  for  a 
time  get  worse.  The  case  must,  of  course,  be  investi- 
gated most  carefully  as  to  the  cause  of  the  neuritis. 
If  sight  have  been  stationary  for  some  months  further 
change  is  unlikely. 

(2.)  If  the  retinal  arteries  are  much  shrunken, 
whether  neuritis  have  occurred  or  not,  the  prognosis 
is  bad  (p.  226). 

(3.)  If  we  cannot  decide  after  careful  examination 
whether  or  no  jiapillitis  have  jsreceded,  inquiry 
should  be  made  as  to  former  symptoms  of  intracranial 
disease ;  since  consecutive  cannot  always  be  distin- 
guished from  primary  atrophy  (p.  226). — But  in  a 
large  number  of  those  cases  which  present  no  ophthal- 
moscopic evidences  of  previous  papillitis,  the  history 
will  be  quite  negative  as  to  cerebral  symjitoms  ;  — 
and  these  will,  for  the  most  part,  fall  into  the  two 
following  groups. 

(4.)  There  are  symj^toms  of  chronic  disease  of  the 
spinal  cord,  usually  of  locomotor  ataxy ;  or,  much 
more  rarely,  symptoms  of  general  paralysis  of  the 
insane. 
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(5.)  No  cause  can  be  assigned  for  the  atrophy ; 
these  are  less  common  than  has  been  supposed. 

The  sclerosis  leading  to  atrophy  of  the  discs  in 
locomotor  ataxy  (4)  usually  comes  on  early  iu  that 
disease,  often  before  well-marked  spinal  symptoms 
liave  apjjeared.  The  optic  atrophy  always  becomes 
symmetrical,  though  it  generally  begins  some  months 
sooner  in  one  eye  than  in  the  other;  it  always  pro- 
gresses, though  sometimes  not  for  years,  to  complete, 
or  all  but  complete,  blindness.  The  discs  are  usually 
characterised  by  an  uniformly  opaque,  grey-white 
colour,  the  lamina  cribrosa  being  often  concealed, 
although  neither  the  central  vessels  nor  the  disc 
margins  are  obscured  in  the  least  (Fig.  89).  The  cen- 
tral vessels  are  often  not  materially  lessened  in  size, 
even  when  the  patient  is  quite  blind. 

Cases  of  progressive  atrophy  are  seen  which 
resemble  the  above,  but  where  no  signs  of  spinal- 
cord  disease  are  present,  even  though  the  patient  have 
been  long  blind  (5).  It  is  known  that  in  some  of 
these  patients  ataxic  symptoms  come  on  sooner  or 
later,  and  it  is  highly  probable  that,  could  the  cases 
be  followed  up  for  a  sufficient  number  of  years,  this 
termination  would  be  found  to  be  comtnon.*  Indeed, 
pre-ataxic  optic  atrophy  is  now  a  recognised  method 
(»f  onset  of  the  disease.  Cases  of  Classes  4  and  5 
are  far  commoner  in  men  than  women.  In  a  few 
the  atrophy  is  caused  by  the  pressure  of  a  tumour 
which  compresses  the  chiasma,  without  setting  up 
paj^illitis. 

In  making  the  prognosis  of  cases  of  progressive, 
uncomplicated  amblyopia  or  amaurosis,  with  more 
or  less  atrophy  of  discs,  special  attention  is  to  be 

*  I  have  found  decided  spinal  symptoms  in  58  of  a  series  of 
76  consecutive  cases  of  progressive  atrophy,  and  of  the  remain- 
ing 18,  several  showed  one  or  more  symptoms  which  were 
probably  of  spinal  origin.  Peltesohn  finds  about  40%  of  all 
cases  of  non-neuritic  progressive  optic  atrophy,  in  Hirscliberg's 
clinic,  to  be  associated  with  spinal  or  cerebro-spinal  disease. 
'  Knapp's  Arch.,'  xvi,  142. 
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paid  to  whether  or  not  the  failure  was  synchronous, 
and  whether  it  is  now  equal  in  the  two  eyes.  The 
state  of  the  field  of  vision  in  cases  seen  early  is 
also  of  much  impoi-tance;  peripheral  contraction,  as 
distinguished  from  central  defect,  is  a  bad  sign,  for 
progressive  atrophy  seldom  begins  with  defect  in 
the  centre  of  the  field.  In  cases  of  gradual,  uncom- 
plicated failure  of  sight,  where  the  symptoms  have, 
from  the  beginning,  been  equally  symmetrical,  the 
atrophic  changes  are  usually  but  slight  in  comparison 
with  the  defect  of  sight  (p.  238,  4). 

B.  Single  amaurosis  with  atrojAy  of  the  disc,  in 
a  majority  of  cases,  indicates  former  embolism  of  the 
central  artery  (p.  214),  some  local  affection  of  the 
trunU  of  the  optic  nerve,  "  retro-ocular  neuritis  "  Q). 
238),  or  pressure  on  the  nerve  by  tumour  just  in 
front  of  the  cliiasma.  But  here  it  must  be  remem- 
bered that  in  cases  of  progressive  atrojihy,  accom- 
panying or  preceding  sj^inal  disease,  a  very  long 
interval  occasionally  separates  the  onset  of  the  disease 
in  the  two  eyes,*  and  we  may  see  the  first  eye  before 
the  commencement  of  the  disease  in  the  second. 

Blindness  of  one  eye  following  immediately  after 
a  fall  or  blow  on  the  head,  and  leading  in  a  few 
weeks  to  atrophy,  indicates  damage  to  the  nerve  from 
fracture  of  the  optic  canal  (p.  230,  3).  The  blow 
has  generally,  been  on  the  front  of  the  head,  and  on 
the  same  side  as  the  affected  eye.  A  similar  condi- 
tion follows  wound  or  rupture  of  the  nerve  in  the 
orbit,  by  a  thrust,  stab,  or  gunshot  injury.  Lacera- 
tion of  the  central  retinal  vessels  alone,  behind  the 
l>oint  at  which  they  enter  the  nerve,  is  said  to  cause 
appearances  like  those  due  to  embolism  and  throm- 
bosis. In  cases  of  injury  to  the  optic  nerve  improve- 
ment is  rare. 

;*  TJiis  interval  may  b,e  three  or  four  years,  and  an  interval 
of  from  one  to  two  years  is  not  very  rare. 
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CHAPTER  XV 

AMBLYOPIA  AND   FUNCTIONAL   DISORDERS  OF  SIGHT 

The  term  amblyopia  means  dulness  of  sight,  but 
its  use  is  generally  restricted  to  cases  of  defective 
acuteness  of  sight  (p.  24),  short  of  blindness,  in 
which  there  is  little  or  no  ophthalmoscopic  change. 
Amaurosis  indicates  a  more  advanced  affection — 
complete  bhndness  -withoiit  visible  changes.  These 
terms,  then,  refer  to  the  patient's  symptoms,  whilst 
papillitis  and  atrophy  imply  changes  seen  by  the 
obsei-ver.  Amblyopia  may  dei:)end  upon  disease  in 
the  retina,  in  any  part  of  the  optic  nerve  or  tract,  or 
in  the  optic  centres  ;  and  it  may  be  temporary  or 
permanent.  It  is  always  most  important  to  distin- 
guish single  from  symmetrical  cases. 

Two  common  and  important  forms  of  unsymme- 
trical  amblyopia  may  be  considered  first. 

(1.)  Amblyopia  from  suppression  of  image  ("  conge- 
nital amblyopia^'). — -It  is  well  known  that  many 
children  with  convergent  squint  see  badly  with  the 
squinting  eye  ;  that  this  defect  varies  in  degree,  and 
may  be  so  great  that  fingers  can  hardly  be  counted  ; 
that,  at  any  rate  in  the  higher  grades,  the  defect  is 
chiefly,  or  only,  present  in  that  part  of  the  visual  field 
which  is  common  to  both  eyes  (Fig.  23),  and  is 
irremediable  ;  whilst  in  the  lower  degrees  the  defect 
may  be  more  or  less  removed  by  separate  practice  of 
the  defective  eye.*  It  has  been  assumed  by  one 
school  that  this  amblyopia  is  due  to  a  congenital 
defect  (presumably  of  the  visual  centre)  which  deter- 

*  Of  such  improvement  I  have  myself  had  very  little  expe- 
rience. ,  , 
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mines  the  incidence  of  the  squint,  just  as  defect  due 
to  an  ulcer  of  the  cornea  may  do.  Another  view 
sup|)oses  that  the  child,  born  with  two  good  eyes, 
but  being  obliged  to  squint  owing  to  hypermetropia, 
learns  to  suppress  the  consciousness  of  the  image  in 
the  squinting  eye  in  order  to  avoid  the  inconvenience 
of  double  vision  (p.  35),  and  that  this  habit,  if  begun 
very  early  in  life,  causes  permanent  amblyopia  of  the 
eye,  or  rather  loss  of  perception  in  the  corresponding 
centre.  For  the  former  view  it  is  urged, that  no  one 
has  ever  watched  the  onset  of  this  amblyopia,  since  it 
is  always  present  at  the  youngest  age  when  tests  can 
be  applied ;  that  we  meet  with  cases  of  unexplained 
defect  of  one  eye  without  squint ;  and  that  this 
supposed  jjower  of  suppression  cannot  be  learnt  in 
later  life,  as  is  shown  by  the  pei*manence  of  diplopia 
in  all  cases  of  paralytic  squint  acquired  after  child- 
hood. In  favour  of  the  sup])ression  theory  we  may 
argue,  that  whilst  such  defect  might  be  acquired 
early,  it  could  not  be  expected  to  come  on  late,  after 
the  visual  centre  in  question  had  been  educated ; 
precisely  as  want  of  training  of  the  ocular  muscles  in 
early  infancy,  from  defective  sight  due  to  disease, 
leads  to  incurable  nystagmus  (Cbap. XXI)  much  more 
fi-equently  than  do  similar  defects  of  sight  acquired 
after  the  muscles  have  been  got  into  harmonious  use  ; 
— that  in  many  of  the  cases  of  defect  without  squint  a 
history  of  previous  squint  can  be  obtained;* — and 
that  if  the  defect  were  congenital  it  would  involve 
the  whole  field  equally,  not  only  that  part  which  is 
common  to  the  two  eyes.  In  alternating  concomitant 
squint,  whether  convergent  or  divergent,  there  is  no 
diplopia,  although  the  vision  of  each  eye  is  as  a  rule 
equally  good ;  the  patient  has  the  power  of  instan- 
taneously suppressing  the  consciousness  of  the  image 
in  whichever  happens  to  be  the  squinting  eye,  a  fact 

*  I  believe  that  the  spontaneous  disappearance  of  hyperme- 
tropic; squint,  which  is  not  uncommon,  has  received  too  little 
attention. 
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in  favour,  so  far  as  it  goes,  of  the  suppression  theory. 
On  the  other  hand,  it  is  true  that  in  cases  of  aniso- 
metropia great  variations  are  encountered  in  tlie 
degree  of  perfection  to  which  the  more  ameti-opic  eye 
can  be  raised  by  glasses,  a  fact  pei'haps  in  favour  of 
the  congenital  amblyopia  theory. 

(2.)  Amblyopia  from  defective  retinal  images. — In 
cases  of  high  hypermetropia  or  astigmatism,  when 
clear  images  have  never  been  formed,  the  correction 
of  the  optical  defect  by  glasses  at  the  earliest  prac- 
ticable age  often  fails,  at  any  rate  for  a  time,  to  give 
full  acuteness  of  sight.  Want  of  education  in  the 
appreciation  of  clear  images  is  probably  the  chief 
cause,  though  defective  develoisment  of  the  retina 
may  also  come  into  play.  We  may  explain  in  the  same 
way  the  common  cases  in  which,  with  anisometropia 
(Chap.  XX),  the  sight  of  the  more  ametropic  eye, 
even  when  corrected  by  the  proper  glasses,  remains 
defective,  although  no  squint  have  ever  existed ;  and 
in  some  degree  also  the  defect  often  observed  after 
perfectly  successful  operations  for  cataract  in  chil- 
dren. Amblyopia  of  this  kind  when  discovered  late 
in  life  is  seldom  altered  by  correcting  the  optical 
error,  but  in  children  the  sight  often  impi-oves  when 
suitable  glasses  are  constantly  worn. 

Great  defect  of  one  eye,  from  the  causes  just 
mentioned,  or  gradual  painless  failure  from  disease, 
often  exists  unknown  for  years,  until  accidentally 
discovered  by  closing  the  sound  eye,  or  by  trying  the 
sight  of  each  eye  separately,  e.  g.  in  an  examination 
for  the  army  or  other  public  service.  The  patient  in 
such  cases  is  naturally  concerned  at  what  he  thinks 
is  a  recent  defect,  but  caution  is  needed  in  accepting 
his  view,  unless  he  have  previously  been  in  the  habit 
of  "  sighting  "  objects  with  the  eye  in  cpestion,  as  in 
rifle-shooting.  But  sudden  failure  of  one  eye  is,  as  a 
rule,  dated  correctly. 

In  cases  of  amljlyopia  not  belonging  to  the  above 
categories,  a  definite  date  of  onset  will  generally  ijo 
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given.  Two  principal  divisions  may  be  formed, 
according  as  the  amblyopia  affects  one  eye  or  both. 
(3.)  Cases  of  recent  failure  of  one  eye  with  little 
,  or  no  ophthalmoscopic  change  occur  rather  rarely, 
and  generally  in  young  adults ;  the  onset  is  often 
rapid,  with  neuralgic  pain,  sometimes  very  severe,  in 
the  same  side  of  the  head.  There  may  be  pain  in 
moving  the  eye,  or  tenderness  when  it  is  pressed 
back  into  the  orbit.  The  degree  of  amblyopia  varies 
much,  but  is  often  especially  marked  at  the  centre 
of  the  field.  The  disc  of  the  affected  eye  is  some- 
times hazy  and  congested.  The  attack  is  often 
attributed  to  exposure  to  cold.  Most  of  the  cases 
recover  under  the  use  of  blisters  and  iodide  of  potas- 
sium, but  in  a  certain  number  the  defect  is  perma- 
nent, and  the  disc  becomes  atrophied.  A  retro-ocular 
neuritis,  often  slight  and  transient,  most  likely  occurs 
(p.  228),  and  the  cases  ai'e  perhaps  analogous  to 
peripheral  paralysis  of  the  facial  nerve. 

(4.)  Much  commoner  is  a  jirogressive  and  equal 
failure  in  both  eyes,  often  amounting  in  a  few  weeks, 
or  months,  to  great  defect  (14  or  20  Jaeger,  or  V. 
from  ^  to  -^),  with  no  other  local  symptoms  except 
perhaps  a  little  frontal  headache,  but  often  with 
nervousness,  general  want  of  tone,  and  loss  of  sleep 
and  appetite.  Ophthalmoscopic  changes,  never  pro- 
nounced, may  be  quite  absent :  at  an  early  period 
the  disc  is  often  decidedly  congested,  and  slightly 
swollen  and  hazy,  but  these  changes  are  all  so  ill- 
marked  that  competent  observers  may  give  different 
accounts  of  the  same  case ;  later,  the  side  of  the 
disc  near  the  y.  s.,  and  finally  in  bad  cases  the 
whole  papilla,  become  pale,  and  the  diagnosis  of 
incomplete  atrophy  is  given.  The  defect  of  sight  is 
described  as  a  "  mist,"  and  is  usually  most  trouble- 
some in  bright  light  and  for  distant  objects,  being 
less  apparent  early  in  the  morning  and  towards 
evening.  The  pupils  are  normal,  or  at  most  rather 
sluggish  to  light.    The  defect  of  V.  is  limited  to,  or 
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most  intense  at,  tlie  central  part  of  the  field  (central 
scotoma),  occupying  an  oval  patch  whichextends  from 
the  fixation  point  (corresponding  to  the  y.  s.)  out- 
wards, towards  and  often  as  far  as  the  blind  spot 
(corresponding  to  the  optic  disc).  The  affected  area 
is  also  found  to  be  colour-blind  for  red  and  green; 
but  this  loss  of  colour-perception  being  usually 
incomplete,  alike  in  degree  and  superficial  extent 
(Fig.  92),  will  often  escape  detection  if  large  colour 


Fig.  92. — R.  right,  L.  left,  visual  field  in  a  case  of  central 
amblyopia  from  tobacco  smoking.  The  shaded  area  is  the 
part  over  which  acuteness  of  vision  and  colour-perception 
are  lowered  (relative  central  scotoma),  no  part  of  the  field 
being  absolutely  blind.  The  dotted  line  marked  R.  shows 
the  boundary  of  the  field  for  red  (see  Fig.  22). 

tests  be  used  ;  whilst  it  will  readily  be  found  by  using 
a  small  coloured  spot  of  from  5  to  15  mm.  squai'e. 
The  patient,  closing  one  eye,  "fixes"  the  finger  or 
nose  of  the  observer,  who  then  removes  the  coloured 
spot  from  the  fixation  point  in  various  directions 
towards  the  periphery ;  the  colour,  instead  of  aj^pear- 
ing  brightest  at  the  centre  of  the  field  (p.  250),  will  be 
dull  or  unrecognisable  there,  becoming  brighter  and 
easily  recognised  towards  the  periphery.  There  is  no 
contraction  of  the  field,  and  thus,  since  surrounding 
objects  are  seen  as  well  as  ever,  and  the  patient  has 
no  difficulty  in  going  about,  his  manner  differs  from 
that  of  one  with  progressive  atrophy,  who  finds  diffi- 
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culty  in  guiding  himself,  because  bis  visual  field  is 
contracted  (p.  232). 

Tbe  patieuts  are  almost  witbout,  exception,  males, 
and  at  or  beyond  middle  life.  Witlj  very  rare  excep- 
tions they  are  smokerH,  and  bavc  smoked  for  many 
years,  and  a  large  number  are  also  intemperate  in 
alcobol. — Tbe  exceptions  occur  cliiefly  in  a  very  few- 
patients  in  whom  a  similar  kind  of  amI)lyo})ia  is  bere- 
ditary,  is  liable  to  affect  tbe  female  as  well  as  the 
male  meud)ers,  and  may  come  on  mucb  earlier  in  life. 
The  etiology  of  such  cases  is  obscure,  and  in  some 
few  of  them  there  is  no  evidence  of  heredity. 

In  the  common  cases  it  is  now  generally  agreed  that 
tobacco  has  a  large  share  in  tbe  causation,  and  in  tbe 
opinion  of  an  increasing  number  of  observers,  it  is  the 
sole  excitant.  The  direct  influence  of  alcobol,  and 
of  the  various  causes  of  general  exhaustion,  such  as 
anxiety,  underfeeding,  and  general  dissii)ation,  is  still 
to  some  extent  an  open  question  (see  Chap.  XXIII, 
Diabetes).  My  own  opinion,  based  on  the  examination 
of  a  large  number  of  cases,  is  that  tobacco  is  tbe 
essential  agent,  and  that  tbe  disuse,  or  greatly  dimin- 
ished use  of  tobacco  is  tbe  one  essential  measure  of 
treatment.  It  is  important  to  remember  that  tbe 
disease  may  come  on  when  either  the  quantity  or  the 
strength  of  tbe  tobacco  is  increased,  or  when  the 
health  fails  and  a  quantity  which  was  fornierly  well 
borne  becomes  excessive.  Hence  cases  of  double 
central  mnblyopia  may,  as  a  rule,  except  in  the  rare 
form  above  mentioned,  be  named  tobacco  amblyoina. 
The  symmetry  of  tobacco  amblyopia  is  not  always 
precise,  and  it  appears,  in  very  rare  cases,  to  be 
delayed.* 

The  prognosis  is  good  if  the  patient  come  early, 
and  if  tbe  failure  have  been  comparatively  quick. 
In  such  cases  really  pei'fect  recovei'y  may  occur,  and 
vei'y  great  improvement  is  tbe  rule.  In  the  more 
chronic  cases,  or  cases  where  already  tbe  whole  disc 

*  ,1.  Hutchinson,  jiiii.,  '  ()i>htli.  IIosji.  Reports,'  xi,  188G. 
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is  pale,  a  moderate  improvement,  or  even  an  arrest 
of  progress,  is  all  we  can  expect.  If  smoking  be 
persisted  in,  no  improvement  takes  place  and  the 
amblyopia  increases  up  to  a  certain  jjoint,  but  com- 
plete blindness  very  seldom,  if  ever,  occurs.  In  the 
treatment,  disuse  of  tobacco  is  the  one  thing  essen- 
tial, lielapse  sometime  occurs  if  smoking  be  re- 
sumed. Drink  should,  of  course,  be  moderated.  It 
is  usual  to  give  strychnia,  subcutaueously  or  by 
mouth,  for  a  considerable  period,  but  whether  any 
medicine  acts  otherwise  than  by  improving  the 
general  tone  is  doubtful ;  subcutaneous  injections  of 
strychnia,  carefully  carried  out,  have  not  given 
definite  results  in  my  own  cases.  Others  believe  that 
the  constant  current  is  useful.  There  is  reason  to 
believe  that  the  disease  depends  on  a  chronic  inflam- 
mation of  the  central  bundles  of  the  optic  neiwe, 
beginning  at,  or  a  short  distance  behind,  the  eye.* 

Hemianopia  (usually  called  hemiopia)  denotes  loss 
of  half  the  field  of  vision.  When  uniocular,  the 
defect  is  seldom  quite  regular,  and  generally  depends 
upon  detachment  of  the  retina  or  a  very  large  retinal 
haemorrhage. — It  is  usually  binocular,  and  then 
indicates  disease  at  or  behind  the  optic  chiasnia.  In 
the  great  majority  of  cases  the  E.  or  L.  lateral  half 
of  each  field  is  lost.  Sometimes  only  a  quarter  of 
each  field  is  lost.  The  line  of  separation  between  the 
blind  and  seeing  halves  is  usually  sharply  defined 
and  nearly  straight,  only  deviating  a  degree  or 
two  at  the  fixation  point  so  as  just  to  leave  central 
vision  intact  over  an  area  about  corresponding  to  the 
fovea  centralis  (Fig.  93).  In  other  cases  the  sejmra- 
ting  line  is  undulating  and  a  comparatively  large 
central  area  of  the  field  remains  intact.  The  boun- 
dary between  sight  and  blindness  in  hemianopia. 
though  usually  abrupt,  is  sometimes  gradual.  The 
retention  of  central  vision  over  a  considerable  cen- 
tral area  has  been  explained  on  the  assumj^tion  that 
*  '  Ti-iins,  Oplith.  Soe.,'  vol.  i,  p,  124,  and  iii,  p.  160. 

16 
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the  y.  s.  area  receives  nerve-fibres  from  both  optic 
tracts,  and  Biinge  and  others  have  lately  found 
microscopical  evidence  that  such  is  really  the  case ; 
in  cases  like  Fig.  93,  the  apparent  deviation  of  the 


Fig.  93. — Fields  of  vision  in  a  case  of  L.  homonymous  lateral 
Hcmianopia.  The  dividing  line  comes  within  one  or  two 
degrees  of  the  fixation  point  (shown  hy  the  central  dot)  in 
each  eye.  The  lesion  causing  this  hemianopia  is  prohably 
in  the  optic  tract,  or  not  higher  than  the  corpora  geni- 
culata. 

dividing  line  may  perhaps  be  explained  by  the 
difficult}'^  wliich  the  patient  has  in  keeping  the  eye 
perfectly  fixed  when  the  test  object  comes  close  to 
the  centre.  Loss  of  the  E.  half  of  esLch.  field,  mean- 
ing loss  of  function  of  the  L.  half  of  each  retina, 
points  to  disease  of  the  L.  optic  tract*  or  its  con- 
tinuations, or  of  some  part  of  the  L.  occipital  lobe  or 
angular  gyrus.  Loss  of  the  two  nasal  halves  is 
extremely  rare.  Loss  of  the  two  temporal  halves 
(temporal  hemianopia)  points  to  disease  at  the 
anterior  part  of  the  chiasma,.  Even  when  hemianopia 
has  lasted  for  years  tbe  optic  discs  seldom  show  any 
change.  When  the  lateivil  hemianopia  coexists  with 
hemiplegia,  the  loss  of  sight  is  on  the  jDaralysed 
side  ;  "  the  patient  cannot  see  to  his  paralysed  side" 

*  Because  the  L.  optic  tract  consists  chiefly  of  fibres  which 
supply  most  of  the  L.  half  of  each  retina,  tliose  of  them  de- 
stined for  the  11.  eye  crossing  over  at  the  optic  •commissure. 
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(Huglilings  Jackson).  If  double  hemiopia  occurs 
the  patient  is  totally  blind  in  both  eyes.  Another 
less  common  affection  of  sight,  crossed  amblyopia, 
is  believed  to  be  due  to  a  lesion  of  a  higlier  centre 
in  the  angular  gyrus  which  presides  in  some  degree 
over  the  whole  of  both  fields  of  vision,  but  chiefly 
over  that  of  the  opposite  eye.  A  unilateral  lesion  of 
this  kind  produces  amblyopia  with  great  contraction 
of  the  field  of  the  opposite  eye,  and  with  some  contrac- 
tion of  the  field  of  the  eye  of  the  same  side.  The 
symptoms  are  much  like  those  of  hysterical  amblyo- 
pia in  one  eye.  If  such  a  lesion  were  double,  it  would 
presumably  produce  a  high  degree  of  amblyopia, 
with  contraction  of  the  fields  in  both  eyes,  the 
activity  of  the  pupils  being  retained.  A  few  cases 
of  hemianopia  for  colours  alone  have  been  re- 
corded.* 

Hysterical  amblyopia  and  amaurosis  take  various 
forms,  and  real  defect  may  be  mixed  up  with  feigning. 
— In  hysterical  hemiansesthesia  the  eye  on  the 
affected  side  is  sometimes  defective,  or  quite  blind. 
In  other  cases  of  hysteria  both  eyes  are  defective,  but 
one  worse  than  the  other  ;  there  is  concentric  con- 
traction of  the  visual  fields,  sometimes  with,  some- 
times without,  colour-blindness,  a  varying  degree  of 
defective  visual  acuteness,  and  sight  is  often  dispro- 
portionately bad  by  feeble  light  (hence  the  term 
*' ansesthesia  of  the  retina,"  is  sometimes  used). 
There  may,  however,  be.  in  addition,  irritative  sj^mp- 
toms —watering,  photophobia,  and  spasm  of  accom- 
modation—  and  then  the  term,  "  hypersesthesia 
retinae,"  or  "oculi,"  seems  moi'e  appropriate.  Am- 
blyoi^ia  with  the  above  characters  has  been  known 
to  follow  a  blow  upon  the  eye  affected  which  was  so 
slight  as  not  to  cause  the  least  oi)hthalmoscopic 
change  (compare  p.  164)  ;  again,  when  one  eye  has 
been  suddenly  lost  by  wound  or  embolism  a  condition 

*  See  e.\h!iustive  paper  by  Mackay,  '  B.  M.  .1.,'  November 
10,  1888. 
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indistinguisliable  from  hysterical  blindness  may 
rapidly  come  on  in  the  other  (compare  sympathetic 
irritation).  It  is  important  to  note  that  in  hysterical 
amblyopia,  even  of  high  degree  and  long  standing, 
the  reflex  action  of  the  pupil,  direct  as  well  as  indirect 
(p.  26),  is  fully  presei-ved,  and  the  ophthalmoscopic 
appearances  quite  normal.  The  prognosis  is  nearly 
always  good,  though  recovery  is  sometimes  slow,  and 
relapses  may  occur.  In  some  of  the  worst  cases  I 
have  seen,  there  has  been  considerable  ametropia. 

True  hysterical  amblyopia  seems  allied  from  the 
ophthalmic  standpoint,  with  a  much  larger  and  more 
important  class,  best  epitomised  by  the  term  asthe- 
nopia, in  which  photophobia,  irritability,  and  want 
of  endurance  of  the  ciliary  muscle  (accommodative 
asthenojna) ,  or  sometimes  oi  the  internal  recti  (mus- 
cular asthenopia),  with  some  con junctival  irritability, 
are  the  main  symptoms,  acuteness  of  sight  being 
usually  perfect,  and  the  refraction  nearly  or  quite 
normal. — Of  the  retinal,  conjunctival,  and  muscular 
factors,  any  one  may  be  more  marked  than  the  others, 
and  it  would  seem  that,  given  a  certain  state  of  the 
nervous  system,  which  may  be  described  as  impres- 
sionable or  hyperaesthetic,  over-stimulation  of  any 
one  is  liable  to  set  up  an  over-sensitive  state  of  the 
other  two.  These  patients  often  complain  also  of 
dazzling,  pain  at  the  back  of  the  eyes,  and  headache, 
or  neuralgia  in  the  head.  All  the  symptoms  ar& 
worse  after  the  day's  work,  and  sometimes  on  first 
waking  in  the  morning,  and  they  ai'e  liable  to  vary 
much  with  the  health.  Artificial  liglit  always 
aggi'avates  them,  because  it  is  often  flickering  and 
insufiicient,  but  especially  because  it  is  hot.  The 
symptoms  often  last  for  months  or  years,  causing 
great  discomfort  and  serious  loss  of  time. 

Causation.  —The  patients  are  seldom  children  or 
old  jjeople.  Most  are  women,  either  young  or  not 
much  past  middle  life,  often  very  excitable,  and  often 
with  feeble  circulation.    If  men,  they  are  emotional, 
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fussy,  and  often  hypochondriacal.  Some  cause, 
such  as  prolonged  and  intense  application  at  needle- 
work or  reading,  can  often  be  traced,  and  in  such 
cases  the  symptoms  may  come  on  so  suddenly  that 
the  patient  becomes,  within  a  few  hours,  or  a  day  or 
two,  quite  incapacitated  for  reading.  Sometimes 
bright  colours,  glittering  things,  or  exposure  to 
kitchen  fire,  seems  specially  injurious.  Or,  again, 
there  is  a  histoiy  of  phlyctenular  ophthalmia,  or 
superficial  ulcers,  which  have  left  the  fifth  nerve 
permanently  unstable.  Accommodative  asthenopia 
with  hypermetropia  or  astigmatism  is  at  the  bottom 
of  nearly  all  the  cases  in  which  vision  is  supposed  to 
have  been  injured  by  railway  and  other  accidents ; 
the  lowered  tone  caused  by  the  shock  is  often  more 
apparent  in  the  ciliary  muscle  because  this  muscle  is 
in  almost  constant  action  and  has  no  substitute. 

Treatment. — The  refraction  and  the  state  of  the 
internal  recti  should  always  be  carefully  tested,  and 
any  error  corrected  by  lenses,  which  may  often  be 
combined  with  prisms,  with  their  bases  towards  the 
nose  (p.  9).  Plain  coloured  glasses  are  sometimes 
useful.  But  glasses  will  not  cure  the  disease,  and 
we  must  not  promise  too  much  from  their  use.  The 
patient  may  be  assured  that  there  is  no  ground  for 
alarm,  and  that  the  symptoms  will  probably  pass  off 
sooner  or  later.  He  should  be  discouraged  from 
thinking  about  his  eyes,  and  he  need  seldom  be 
quite  idle.  The  artificial  light  used  should  be  suffi- 
cient and  steady  (not  flickering)  and  should  be 
shaded  to  prevent  the  heat  and  light  from  striking 
directly  on  the  eyes.  Bathing  the  eyes  freely  with 
cold  water,  and  the  occasional  employment  of  weak 
astringent  lotions,  are  useful,  and  cold  air  often  acts 
beneficially.  The  eyes  are  often  much  better  after  a 
rest  of  a  day  or  two.  Out-door  exercise,  and  only 
moderate  use  of  the  eyes,  therefore,  should  be  en- 
joined. General  measures  must  be  taken  according 
to  the  indications,  especially  in  reference  to  any 
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ovarian,  uterine,  or  digestive  troubles,  or  to  sexual 
exliaustion  in  men. 

•   {'^^  ■ 

FUNCTIONAL  DISEASES  OF  THE  RETINA,      ^  ' 

Functional  niglit-hlindness  {endemic  ni/ctalojna)  is 
caused  by  temporary  exliaustion  of  the  retinal  sensi- 
bility from  prolonged  exposure  to  diffused,  bright 
light. — The  circumstances  under  which  it  occurs 
usually  imply  not  only  great  exposure  to  bright  light, 
but  lowered  general  nutrition,  and  probably  some 
particular  defect  in  diet.  It  often  co-exists  with 
scurvy.  Sleeping  with  the  face  exposed  to  bright 
moonlight  is  believed  to  bring  it  on.  It  is  commonest 
in  sailors  after  long  tropical  voyages  under  bad  con- 
ditions, and  in  soldiers  after  long  marching  in  bright 
sun.  In  some  countries  it  prevails  every  year  in 
Lent  when  no  meat  is  eaten,  and  again  in  harvest 
time.  It  is  now  but  rarely  endemic  in  our  country, 
but  scattered  cases  occur,  especially  in  children,*  and 
it  still  occasionally  prevails  in  large  schools. 

In  this  malady  two  little  dry  films,  consisting  o^ 
fatty  or  sebaceous  matter  and  epithelial  scales,  often 
form  on  the  conjunctiva  at  the  inner  and  outer 
border  of  the  cornea.  Their  meaning  is  obscure. 
There  are  no  ophthalmoscopic  changes.  This  night- 
blindness  is  soon  cured  by  protection  from  bright 
light  and  improvement  of  health,  and  especially  by 
cod-liver  oil.  That  the  affection  is  local  in  the 
eye  is  shown  by  the  fact  that  darkening  one  eye^ 
with  a  bandage,  during  the  day,  has  been  found  to 
restore  its  sight  enough  for  the  ensuing  night's 
wat9h  on  board  ship,  the  unprotected  eye  remaining 
as  bad  as  ever. — Snotv-hlindness  (or  ice-hlindness)  is 
essentially  the  same  disease,  with  the  addition  of 

*  Snell  reports  numerous  cases  from  near  Sheffield.  '  Trans- 
actions of  the  Ophthalmological  Society,'  vol.  i,  1881.  Since 
Mr  Snell  drew  attention  to  this  subject  I  have  seen  several 
cases,  all  of  them  (as  were  most  of  Snell's)  in  the  spring  or 
earty  stlmmer.  • 
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congestion,  intense  pain,  pliotopliobia,  contraction 
of  pupils,  and  sometimes  of  conjunctival  ecchymoses. 
These  peculiarities  doubtless  depend  chiefly  on 
powerful  and  prolonged  stimulation  of  the  whole 
retina,  leading  to  congestion  of  its  own  vessels  and 
those  of  the  choroid,  and  subsequently  of  the  whole 
eyeball ;  something  may  also  be  due  to  the  effect  of 
the  reflected  heat  upon  the  conjunctiva.  Snow- 
blindness  is  effectually  prevented  by  wearing  smoke- 
coloured  glasses,  Attacks,  apparently  identical  with 
snow-blindness,  but  of  shorter  duration,  sometimes 
occur  in  men  engaged  iii  trimming  powerful  electric 
lights.  The  symptoms  do  not  come  on  until  several 
hours  after  exposure  to  the  light.*    (See  p.  218.) 

Hemeralopia  (day-blindness)  occurs  in  certain  cases, 
of  congenital  amblyopia. 

Coloured  vision  is  sometimes  complained  of,  and 
red  is  the  colour  usually  noticed.  Red  vision  (Ery- 
thropsia)  is  most  common  some  time  after  extraction 
of  senile  cataract,  and  is  associated  with  fatigue; 
everything  looks  rosy  red  "  as  if  there  was  a  most 
beautiful  sunset"  as  one  patient  said.  Overworked, 
anxious,  neurotic  children  sometimes  complain  that 
after  reading  or  sewing  "  everything  turns  red  "  or. 
"  red  and  blue."  I  have  not  heard  green  or  yellow 
mentioned.  It  has  also  been  seen  in  women  much 
exhausted  by  fasting. 

Micropsia. — Patients  sometimes  complain  that  ob- 
jects look  too  small.  When  not  due  to  insufficiency 
of  accommodative  power  (excessive  effort,  j).  37)  it  is 
generally  a  symptom  of  disease  of  the  outer  layers 
of  the  retina,  especially  in  the  central  region,  and 
syjihilitic  retinitis  is  the  commonest  cause  (p.  208).; 
Both  micropsia  and  its  opposite,  megalopsia,  are 
sometimes  seen  in  hysterical  amblyopia.  ; 

By  Muscce  volitantes  ai'e  understood  small  dots, 
rings,  threads,  &c.,  which  move  about  in  the  field  of 
vision,  but  do  not  actually  cross  the  fixation  point,. 

*  'Oplithalmic  Review,'  April,  1883.  i/  : 
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and  never  interfere  with  sight.  They  are  most  easily 
seen  against  the  sky,  or  a  bright  back-ground  such  as 
the  microscope  field.  They  depend  upon  minute 
changes  in  the  vitreous,  which  are  present  in  nearly 
all  eyes,  though  in  much  greater  quantity  in  some 
than  others.  They  vary,  or  seem  to  vary,  greatly 
with  the  health  and  state  of  the  circulation,  but  are 
of  no  real  importance.  They  are  most  abundant  and 
troublesome  in  myopic  eyes. 

Diplopia,  see  Chap.  XXI ;  also  pp.  35  and  168  for 
Uniocular  Diplopia. 

For  Affections  of  Sight  in  Megrim  and  Heart 
Disease,  see  Chap.  XXII. 

Malingering.  —  Patients  now  and  then  pretend 
defect  or  blindness  of  one  or  both  eyes,  or  exaggerate 
an  existing  defect,  or  sometimes  secretly  use  atro- 
pine in  order  to  dim  the  sight.  The  imposture  is 
generally  evident  enough  from  other  circumstances, 
but  detection  is  occasionally  very  difficult.  Malin- 
gering and  intentional  injuries  of  the  eye  are  very 
rare  here,  but  common  in  countries  where  the  con- 
scription is  in  force. 

The  pretended  defect  of  sight  is  usually  confined  to 
one  eye.  If  the  patient  be  in  reality  using  both  eyes,  a 
prism  held  before  one  (by  preference  "  the  blind  " 
one)  will  produce  double  vision  (p.  11).  The  stereo- 
scope, and  also  coloured  glasses,  may  be  made  very 
useful.  Another  test,  when  only  moderate  defect  is 
asserted,  is  to  try  the  eye  with  various  weak  glasses, 
and  note  whether  the  replies  are  consistent ;  vei*y 
probably  a  fiat  glass  or  a  weak  concave  may  be  said 
to  improve  "  or  "  magnify  "  very  much.  Again, 
atropine  may  be  put  into  the  sound  eye,  and  when 
it  has  fully  acted  the  patient  be  asked  to  read  small 
print ;  if  he  reads  easily  with  both  eyes  open  the 
imposture  is  clear,  for  he  must  be  reading  with  the 
so-called  "  blind  "  eye.  If  absolute  blindness  of  one 
eye  be  asserted,  the  state  of  the  pupil  will  be  of 
much  help  (unless  the  patient  have  used  atropine)  ; 
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for  if  its  direct  reflex  action  be  good  (p.  26)  the 
retina  and  nerve  cannot  be  much  diseased  (but  as  to 
this  point  compare  Hysterical  Amblyopia,  p.  243). 

Pretended  defect  of  both  eyes  is  more  difficult  to 
expose,  and,  indeed,  it  maybe  impossible  to  absolutely 
convict  the  patient  if  he  be  intelligent  and  instructed. 
The  state  of  the  pupils,  of  the  visual  fields  and  of 
colour  perception,  are  amongst  the  best  tests. 

Colour-blindness  may  be  congenital  or  acquired. 
When  acquired  it  is  symptomatic  of  disease  of  the 
optic  nerve,  or,  as  for  example  in  hysterical  ambly- 
opia, of  some  affection  of  the  visual  centre. 

Congenital  colour-blindness  is  not  often  found 
unless  looked  for.  According  to  recent  and  extended 
researches  in  various  countries,  a  proportion  varying 
from  about  3  to  5  per  cent,  of  the  males  are  colour- 
blind in  greater  or  less  degree,  and  it  appears  to  be 
more  common  in  the  lower  than  in  the  upper  classes. 
These  facts  show  the  importauce  of  carefully  testing 
all  men  whose  employment  renders  good  perception 
of  colour  indispensable,  such  as  railway  signalmen 
and  sailors.  Colour-blindness  is  usually  partial,  i.  e. 
for  only  one  colour  or  one  pair  of  complementary 
colours,  but  is  occasionally  total.  The  commonest 
form  is  that  in  which  pui-e  green  is  confused  with 
various  shades  of  grey  and  of  red  (red-green  blind- 
ness) ;  blindness  for  blue  and  yellow  is  very  rare. 
The  blindness  may  be  incomplete,  perception  of  very 
pale,  or  very  dark,  red  or  green,  e.  g.  being  enfeebled, 
whilst  bright  red  and  green  are  well  recognised  ;  or 
it  may  be  complete  for  all  shades  and  tints  of  those 
colours.  Congenital  colour-blindness  is  very  often 
hereditary,  but  nothing  further  is  known  of  its  cause. 
It  is  very  rare  in  women  (0-2  percent.).  The  acute- 
ness  of  vision  (i.  e.  perception  of  form)  is  normal. 
Both  eyes  are  affected.* 

The  detection  of  colour-blindness,  either  congenital 
or  acquired,  is  easy,  if,  in  making  the  examination, 
*  But  on  this  point  further  research  is  needed. 
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we  bear  in  mind  the  two  points  already  referred  to 
at  p.  23,  viz. : — (1)  Many  persons  with  perfect  colour 
percejition  know  very  little  of  the  names  of  colours, 
and  ap])ear  colour-blind  if  asked  to  name  tliem  ;  (2) 
the  really  colour-blind  often  do  not  know  of  their 
defect,  having  learnt  to  compensate  for  it  by  attention 
to  differences  of  shade  and  texture.  Thus  a  signalman 
may  be  colour-blind  for  red  and  green ;  yet  he  may, 
as  a  rule,  correctly  distinguish  the  green  from 
the  red  liglit,  because  one  appears  to  him  "  brighter  " 
than  the  other.  The  quickest  and  best  way  of 
avoiding  these  sources  of  error  has  been  mentioned 
at  p.  23.  A  certain  standard  colour  is  given  to  the 
patient  without  being  named,  and  he  is  asked  to 
choose  from  the  whole  mass  of  skeins  of  wool  all  that 
appear  to  him  of  nearly  the  same  colour  and  shade 
(no  two  being  really  quite  alike).  If,  for  example, 
he  cannot  distinguish  green  from  i-ed  he  will  place 
the  green  test  skein  side  by  side  with  various  shades 
of  grey  and  red.  Wilful  concealment  of  colour- 
blindness is  impossible  under  this  test  if  a  sufficient 
number  of  shades  be  used. 

As  it  is  necessary  to  detect  slight  as  well  as  high 
degrees,  the  first  or  preliminary  test  should  consist 
of  very  pale  colours,  and  a  pale  pure  green  is  to  be 
taken  as  the  test,  No.  I  (see  plate  in  the  Appendix)  ; 
Nos.  1  to  5  are  liable  to  be  confused  with  this  colour. 
For  ascertaining  whether  the  defect  be  of  higher' 
degree  or  not,  stronger  colours  are  then  used ;  a 
bright  rose  colour,  e.  g.  II a,  may  be  confused  Avith 
blue,  purjjle,  green,  or  grey  of  corresponding  depth 
(Nos.  6  to  9)  ;  and  a  scarlet,  II  b,  with  various  shades 
and  tints  of  brown  and  green  (Nos.  10  to  13). 

It  may  here  be  noted  that  the  visual  field  is  not  of 
the  same  size  for  all  colours  (Fig.  22),  green  and  red 
having  the  smallest  fields,  and  that  the  perception 
of  all  colours  is,  like  perception  of  form  (p.  24), 
sharpest  at  the  centre  lof  the  field..  With  diminished^ 
illumination  some  colours  are  less  .easily  perceived 
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tlian  others,  red  being  the  first  to  disappear,  and  blue 
persisting  longest,  i.  e.  being  perceived  under  the 
lowest  illumination  ;  but  in  dull  light  the  colours  are 
not  confused,  as  in  true  colour-blindness.  In  con- 
genital colour-blindness,  as  we  have  seen,  red-green- 
blindness  is  the  commonest  form  ]  and  in  cases  of 
amblyopia  from  commencing  atrophy  of  the  optic 
nerve,  green  and  red  are  almost  always  the  first 
colours  to  fail,  blue  remaining  last. 
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CHAPTEE  XVI 

DISEASES  OP  THE  VITBEOTJS 

The  vitreous  humour  is  nourished  by  the  vessels 
of  the  ciliary  body,  retina,  and  optic  disc,  and  is  pro- 
bably influenced  by  the  state  of  the  choroid  also ; 
and  iu  most  cases  disease  of  the  vitreous  is  asso- 
ciated with  (and  dependent  on)  disease  of  one  or 
other  of  the  structures  named. 

Thus,  in  connection  with  various  surrounding  mor- 
bid processes,  the  vitreous  may  be  the  seat  of  inflam- 
mation, acute  or  chronic,  general  or  local,  and  of 
haemorrhage.  It  may  also  degenerate,  esjiecially  in 
old  age,  its  cells  and  solid  parts  undergoing  fatty 
change,  become  visible  as  opacities,  whilst  its  gene- 
ral bulk  becomes  too  fluid.  The  only  alteration 
that  we  can  directly  prove  in  the  vitreous  during 
life  is  loss  of  transparency,  from  the  presence  of 
opacities  moving,  or  more  rarely  fixed,  in  it,  but 
according  as  such  opacities  move  quickly  or  slowly 
we  infer  that  the  humour  itself  is,  or  is  not,  more 
fluid  than  in  health. 

Opacities  in  the  vitreous  may  take  the  form  of 
large  dense  masses,  or  of  membranes  like  muslin, 
crape,  "  bees'  wings  "  of  wine,  bands,  knotted  strings, 
or  isolated  dots  ;  and  they  may  be  either  recent,  or 
the  remains  of  long  antecedent  exudation,  haemor- 
rhage, or  degeneration,  or  newly  foi-med  blood-ves- 
sels. Again,  the  vitreous  may  become  uniformly 
misty,  owing  to  the  diffusion  of  numberless  dots 
("dust-like"  opacities),  which  need  careful  focus- 
sing by  direct  examination,  with  a  convex  lens 
(about  +  12  D.)  behind  the  mirror,  to  be  separately 
seen. 
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Opacities  in  the  vitreous  are  usually  detected, 
■with  great  ease,  by  direct  ophthalmoscopic  exami- 
nation at  about  12"  from  the  patient,  but  are  gene- 
rally situated  too  far  forward  (i.e.  too  far  within  the 
focus  of  the  lens-system)  to  be  seen  clearly  at  a  very 
short  distance  without  a  +  lens  behind  the  mirror 
(p.  53).  If  the  patient  move  his  eye  sharply  and 
freely  from  side  to  side  and  from  above  downwards, 
the  opacities  will  be  seen  against  the  red  ground,  as 
dark  figures  which  continue  to  move  after  the  eye 
has  come  to  rest ;  they  are  thus  at  once  distinguished 
from  oj^acities  in  the  comea  or  lens,  or  from  dimly- 
seen  spots  of  pigment  at  the  fundus,  which  stop 
when  the  eye  stops.  The  opacities  in  the  vitreous 
move,  just  as  solid  particles  and  films  move  in  a 
bottle,  after  the  bottle  has  been  shaken  ;  the  quick- 
ness and  freedom  of  their  movement  in  the  one  case, 
as  in  the  other,  depending  very  much  on  the  consis- 
tence of  the  fluid.  When  the  opacities  jjass  across  the 
field  quickly,  and  make  wide  movements,  we  may 
be  sure  that  there  is  synchysis  or  fluidity  of  the 
vitreous  humour  ;  if  they  move  very  lazily,  its  con- 
sistence is  probably  normal ;  if  only  one  or  two 
opacities  be  present,  they  may  only  come  into  view 
now  and  then.  Moving  opacities  in  the  vitreous 
obscure  the  fundus  both  to  the  direct  and  indirect 
ophthalmoscopic  examination,  in  proportion  to  their 
size,  density,  and  position ;  a  few  isolated  dots 
scarcely  affect  the  brightness  of  the  ophthalmoscopic 
image. 

The  opacities  may  lie  quite  in  the  cortex  of  the 
vitreous,  and  be  anchored  at  the  fundus,  so  as  to 
have  but  little  movement.  Such  opacities,  generally 
single,  are  found  lying  over  or  near  to  the  disc,  and 
may  be  the  result  either  of  inflammation  or  of 
haemorrhage;  they  are  often  membranous,  more 
rarely  globular,  and  not  perfectly  opaque.  Such  an 
opacity  should  be  suspected  when,  by  indirect 
ophthalmoscopic  examination,  a  localised  haze  or 
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blurring  of  some  part  of  the  disc  or  its  neighbour- 
hood is  noticed.  The  opacity  must  then  be  searched 
for  by  the  direct  method,  the  patient's  eye  being  at 
rest ;  by  altering  his  distance  from  the  patient,  or  by 
turning  on  various  convex  lenses  (or  concave,  if  the 
eye  be  very  highly  myopic)  the  opacity  will  come 
sharply  into  view.  The  patient's  refraction  must  be 
approximately  known  in  order  to  make  this  exami- 
nation properly  (p.  53).  Densely  opaque  white 
membranes  may  also  form  over  the  disc  or  upon  the 
retina,  the  nature  and  situation  of  which  are  dia- 
gnosed in  the  same  way. 

Diffused  haziness  of  the  vitreous  causes  a  corre- 
sponding degree  of  dimness  of  outline  and  darkening 
of  the  details,  of  the  fundus,  as  if  these  were  seen 
through  a  thin  smoke.  The  disc,  in  particular, 
appears  red,  without  really  being  so.  Much  the 
same  appearances  are  caused  by  diffused  haze  of  the 
cornea  or  lens,  but  the  presence  of  these  changes  will, 
of  course,  have  been  excluded  by  focal  illumination. 
There  are  even  cases  of  vitreous  disease  where  no 
details  can  be  seen,  even  by  careful  examination, 
though  plenty  of  light  reaches  and  returns  from  the 
fundus.  In  these  the  light  is  scattered  by  innu- 
merable little  particles,  each  of  which  is  transparent, 
"so  that  the  light,  without  being  absorbed,  is  dis- 
torted and  broken  iip,  as  in  passing  through  ground 
glass,  or  white  fog,  or  a  j^artial  mixture  of  fluids 
of  different  densities,  such  as  glycerine  and  water. 
This  fine  general  haze  is  found  chiefly  in  syj^hilitic 
choroido-retinitis,  in  which  infiltration  of  the  vitre- 
ous with  cells  is  knoAvn  to  occur.  It  is  not  always 
easy,  nor  indeed  possible,  to  distinguish  Avith  cei*- 
tainty  between  diffuse  haze  of  the  vitreous  and 
diffuse  haze  of  the  retina  (p.  201). 

Crystals  of  cholesterin  sometimes  form  in  a  fluid 
vitreoiis,  and  are  seen  with  bright  illumination  as 
minute,  dancing,  golden  spangles,  when  the  eye  moves 
about  {sparlding  synchysis).    They  proportionately 
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obscure  the  fundus.  Large  opacities  just  bebind  the 
leus  may  be  seen  by  focal  light  iu  their  uatural 
colours.  In  rare  cases  of  choroido-retinitis,  minute 
growths,  consisting  chiefly  of  blood-vessels,  form  oh 
the  retina,  and  project  into  the  vitreous ;  they  are 
rather  curiosities,  than  of  practical  importance.  . 

Parasites  (cysticercus  cellulosie)  occasionally  come 
to  rest  in  the  eye,  and  iu  development  penetrate  into 
the  vitreous ;  they  are  rarely  seen  in  England,  but 
are  comparatively  common  iu  some  parts  of  G-ermajiy. 
Very  rarely  a  foreign  body  may  be  visible  in  the 
vitreous. 

The  following  are  the  conditions  in  which  disease 
of  the  vitreous  is  most  commonly  found : 

(1.)  Myopia  of  high  degree  and  old  standing;  the 
opacities  move  very  freely,  showing  fluidity  of  the 
hnmour,  and  are  slaarply  defined.  They  are  often 
the  result  of  former  hsemoi-rbage. 

(2.)  After  severe  blows,  causius  hsemorrbage  from 
the  vessels  of  the  choroid,  or  ciliary  body.  When 
recent,  and  situated  near  the  back  of.  the  lens,  the 
blood  can  often  be  seen  by  focal  light ;  if  very  alAin- 
dant,  it  so  darkens  the  interior  of  the  eye  that 
nothing  whatever  can  be  seen  with  the  mirror. 

(3.)  A-fter  perforating  wounds.  The  opacity  will 
be  blood  if  the  case  be  quite  recent.  Lymjih  or  pus 
iu  the  vitreous  gives  a  yellow  or  greenish-yellow 
colour,  easily  seen  by  focal  light,  or  even  by  day- 
light {\).  143),  and  usually  most  deuse  towards  the 
position  of  the  wound. 

(4.)  In  rare  cases  large  hsetuorrhages  into  the 
vitreous  occur  spontaneously  in  healthy  eyes,  with 
haemorrhages  into  the  retina  (not  to  be  confused  with 
retinitis  hsemorrhagica,  p.  213).  Eelapses  often 
occur,  and  detachment  of  retina  may  ensue.  The 
subjects  are  genei-ally  young  adult  males  liable  to 
epista.xis,  constipation,  and  irregularity  of  circu- 
lation (Eales);  gout  may  have  some  inflvience 
(Hutchinson).     This  aifection  seems  sometimes  to 
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be  related  with  the  form  of  choroiditis  referred  to 
at  p.  195. 

In  all  of  the  above  cases  detachment  of  the  retina 
is  likely  to  occur  sooner  or  later,  and  if  both  be 
present,  the  differential  diagnosis  may  be  difficult 
(p.  207). 

(5.)  Syphilitic  choroiditis  and  retinitis.  There  is 
often  diffuse  haze,  in  addition  to  large,  slowly  float- 
ing opacities.  The  change  here  is  due  to  inflamma- 
tion, and  the  opacities  may  entirely  disapjiear  under 
treatment  (pp.  191,  201,  208).  These  are  the 
cases  in  which  new  vessels  in  the  vitreous  are  most 
common. 

(6.)  Some  cases  of  cyclitis  and  cyclo-iritis  (p.  143). 
The  opacities  are  inflammatory. 

(7.)  In  the  early  stage  of  sympathetic  ophthal- 
mitis.   The  opacities  are  inflammatory. 

(8.)  In  various  cases  of  old  disease  of  choroid, 
usually  in  old  persons,  and  without  proof  of  syphilis. 
No  doubt  many  of  these  indicate  former  choroidal 
haemorrhages. 

(9.)  Cases  occur  in  which  no  cause,  either  local  or 
general,  can  be  assigned  for  the  presence  of  opacities 
in  the  vitreous. 
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GLAUCOMA 

In  tliis  peculiar  and  very  serious  disease,  the 
characteristic  objective  symptom  is  increased  tight- 
ness of  the  eye-capsule  (sclerotic  aud  cornea),  "in- 
creased tension  ;"  all  the  characteristic  features  of 
the  disease  depend  upon  this.  The  disease  is  much 
commoner  after  middle  life,  when  the  sclerotic  be- 
comes less  distensible,  than  before ;  and  it  is  com- 
moner in  hypermetropic  eyes,  where  the  sclerotic  is 
too  thick,  than  in  myopic  eyes,  where  it  is  thinned 
by  elongation  of  the  globe. 

Grlaucoma  may  be  primary,  coming  on  in  an  eye 
apparently  healthy,  or  the  subject  of  some  disease, 
such  as  senile  cataract,  which  has  no  influence  on 
the  glaucoma ;  or  it  may  be  secondary,  caused  by 
some  still  active  disease  of  the  eye,  or  by  conditions 
left  after  some  previous  disease,  such  as  iritis.  It  is 
always  important,  and  seldom  difficult,  to  distinguish 
between  primary  and  secondai'y  glaucoma. 

Glaucoma  differs  in  severity  and  rate  of  pi'ogress 
from  the  most  acute  to  the  most  chronic  and  in- 
sidious form  ;  but  in  every  form  it  is  a  progressive 
disease,  and  unless  checked  by  treatment  goes  on  to 
permanent  blindness.  The  disease  is  very  often 
symmetrical,  attacking  the  second  eye  after  an 
interval  which  varies. 

It  is  customary  and  useful  to  speak  of  glaucoma 
as  either  acute,  subacute,  or  chronic.  But  many 
intermediate  forms  are  found,  and  the  same  eye  may, 
;  at  different  stages  in  its  history,  pass  through  each 

■  of  the  three  conditions.    We  may,  indeed,  here  ob- 

■  serve  that  acute  and  subacute  outbursts  are  gene- 

17 
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rail)' preceded  by  a  so-called  "premonitory"  stage, 
in  which  the  symptoms  are  not  only  chronic  and 
mild,  but  remittent ;  the  intervals  of  remission  be- 
coming shorter  and  shorter,  till  at  length  the  attacks 
become  continuous,  and  the  glaucomatous  state  is 
fully  established.  Eapid  increase  of  presbyopia 
(Chap.  XX),  shown  by  the  need  for  a  frequent 
change  of  spectacles,  is  a  common  premonitory  sign, 
though  often  overlooked. 

Chronic  glaucoma  sets  in  with  a  cloudiness  of  sight, 
or  "fog,"  varying  in  density  and  often  clearing  off 
entirely  for  days  or  even  weeks  ("jH-emonitory 
stage ").  But  in  some  cases,  according  to  the 
patient,  the  failure  progresses  without  remissions 
from  first  to  last.  During  the  attacks  of  fog," 
artificial  lights  are  seen  surrounded  by  coloured 
rings  ("  rainbows  "  or  "  halos"),  due  to  haze  of  the 
cornea,  which  are  to  be  distinguished  from  those 
due  to  mucus  on  the  cornea.  The  attacks  of  fog 
are  often  noticed  only  after  long  use  of  the  eyes,  as 
in  the  evening  or  when  exhausted,  the  sight  being 
better  in  the  early  part  of  the  day  and  after  food. 
Even  when  the  sight  has  become  permanently  cloudy, 
complete  recovery  no  longer  occurring  between  the 
attacks,  variations  of  sight  still  form  a  marked  fea- 
ture. There  is  no  congestion,  and  pain,  of  neuralgic 
character,  though  not  uncommon,  is  often  entirely 
wanting.  The  disease  has  to  be  distinguished  from 
incipient  nuclear  cataract,  disease  of  the  optic  nerve, 
syphilitic  i-etinitis,  and  attacks  of  megrim. 

If  we  see  the  patient  during  one  of  the  brief  eai*ly 
fits  of  cloudy  sight,  or  after  the  fog  has  settled  down 
permanently,  the  following  changes  will  be  found.  A 
greater  or  less  defect  of  sight  in  one  eye,  or  if  in  both, 
more  in  one  than  the  other,  and  not  remedied  by 
glasses;  the  pupil  a  little  larger  and  less  active  than 
normal ;  the  anterior  chamber  may  be  shallow,  and 
there  is  usually  slight  dulness  of  the  eye  from  steami- 
ness  of  cornea,  or  haze  of  the  aqueous  humour,  and 
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some  engorgement  of  the  large  perforating  vessels 
at  a  little  distance  from  the  cornea  (Figs.  25  and 
27)  ;  the  tension  somewhat  increased  (usually  about 
+  1,  p.  19) ;  and  the  field  of  vision  may  be  con- 
tracted, especially  on  the  nasal  side. — The  optic  disc 
will  be  found  normal,  pale,  or  sometimes  congested, 
in  early  cases  ;  jjale  and  cupped  all  over  (pp.  262 
and  264),  at  a  later  stage.  There  may  be  spontaneous 
pulsation  of  all  the  vessels  on  the  disc ;  or  the  arteries, 
if  not  pulsating  spontaneously,  will  do  so  on  very 
slight  pressure  on  the  eyeball  (p.  51). — If  the  case  be 
of  old  standing  the  tension  will  often  be  much  in- 
creased, the  pupil  dilated  and  sluggish,  though  not 
motionless,  the  lens  hazy,  the  field  of  vision  much 
contracted  (Fig.  94),  acuteness  of  vision  extremely 
defective,  the  cornea  sometimes  cleai%  in  other  cases 
dull.  In  nearly  all  cases  of  glaucoma  the  temporal 
part  of  the  field  (nasal  part  of  the  retina)  retains  its 
function  longest ;  and  in  advanced  cases  the  patient 
will  often  show  this  by  his  manner  or  statements ; 
occasionally  the  field  becomes  exti-emely  contracted 
before  central  vision  fails.  In  some  few  cases  of 
simple  glaucoma  scotomata  appear  at  the  central 
parts  of  the  field  without  contraction. 

An  eye  in  which  the  above  symptoms  have  set  in 
may  progress  to  total  blindness  in  the  course  of 
months  or  several  years  without  a  single  "inflam- 
matory" symptom,  without  either  pain  or  redness — 
chronic  painless  glaucoma  {glaucoma  simplex)  ;  and 
since  the  lens  often  becomes  partially  opaque,  and  of 
a  greyish  or  greenish  hue,  cases  of  chronic  glaucoma 
are  sometimes  mistaken  for  senile  cataract. 

But  more  commonly,  in  the  course  of  a  chronic 
case,  periods  of  pain  and  congestion  occur,  with  more 
rapid  failure  of  sight;  or  the  disease  sets  in  with 
"inflammatory"  symptoms  at  once.  In  these  cases 
of  subacute  glaucoma,  besides  the  symptoms  named 
above,  we  find  dusky,  reticulated  congestion  of  the 
small  and  large  episcleral  vessels  in  the  ciliary  region 
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(Fig.  28),  witli  pain  referred  to  the  eye,  the  side  of 
the  head,  or  of  tbe  nose,  and  rapid  failure  of  sight. 
The  increase  of  tension,  steaminess,  and  partial  anses- 
Ihesia  of  the  cornea,  enlarged  and  sluggish  pupil,  and 
shallowness  of  tbe  anterior  chamber,  are  all  more 
marked  than  is  usual  in  chronic  cases,  and  the 
media  are  too  hazy  to  allow  a  good  ophthalmoscopic 
examination. 


Fig.  94. — Irregular  contraction  of  R.  and  L.  fields  of  vision  in 
chronic  glaucoma;  from  two  different  cases.  The  black 
parts  show  complete  loss ;  the  shaded  area  shows  partial 
loss.  Each  field  remains  best  in  the  outer  part.  (Compare 
with  Figs.  90  and  91.) 


These  symptoms,  ending  after  a  few  weeks  or 
months  in  complete  blindness,  may  remain  at  about 
the  same  height  for  months  after  that  event,  with 
slight  variations,  the  eye  gradually  settling  down 
into  a  permanent  state  of  severe,  but  chronic,  non- 
inflammatory glaucomatous  tension.  Short  attacks 
of  subacute  glaucoma,  with  intervals  of  perfect 
recovery,  sometimes  occur  {remittent  glaucoma)  ; 
permanent  glaucoma  usually  supervenes. 

Acute  glaucoma  differs  from  the  other  forms  only 
in  suddenness  of  onset,  rapidity  of  loss  of  sight,  and 
severity  of  congestion  and  pain.  The  congestion, 
both  arterial  and  venous,  is  intense ;  in  extreme 
cases  the  lids  and  conjunctiva  are  swollen,  and  there 
is  jibotoj^hobia,  so  that  the  case  may  be  mistaken 
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for  ail  acute  oplithalmia.  All  the  specific  signs  of 
•glaucoma  are  intensified ;  the  pupil  considerably 
dilated  and  motionless  to  light,  the  cornea  very 
steamy,  the  anterior  chamber  very  shallow,  and 
tension  +  2  or  3.  Sight  will  fall  in  a  day  or  two 
down  to  the  power  of  only  counting  fingers,  or  to 
mere  perception  of  light,  and  if  the  case  have  lasted 
a  week  or  two  even  p.  1.  is  usually  abolished.  The 
pain  is  very  severe  in  the  eye,  temple,  back  of  the 
head  and  down  the  nose ;  not  unfrequently  it  is  so 
bad  as  to  cause  vomiting,  and  many  a  case  has 
been  mistaken  for  a  "  bilious  attack  "  with  a  "  cold 
in  the  eye,"  for  "  neuralgia  in  the  head,"  or  "  rheu- 
matic ophthalmia."  Some  cases,  however,  though 
very  acute,  are  mild  and  remit  spontaneously  ;  but 
these,  like  the  ones  mentioned  in  the  preceding 
paragraph,  often  pass  on  into  the  severe  type  now 
described. 

Ahsohbte  glaucoma  is  glaucoma  that  has  gone  on  to 
permanent  blindness.  Such  an  eye  continues  to  dis- 
play the  tension  and  other  signs  of  the  disease,  and 
remains  liable  to  attacks  of  pain  and  congestion  for 
varying  periods,  but  in  many  "  absolute  "  cases,  espe- 
cially when  the  original  attack  was  acute,  changes 
occur  sooner  or  later,  leading  to  staphylomata,  cata- 
ract, atrophy  of  iris,  and  finally  to  softening  and 
shrinking  of  the  globe. 

As  a  rule  glaucoma  runs  the  same  course  in  the 
second  eye  as  in  the  first,  but  sometimes  it  will  be 
chronic  in  one  and  acute  or  subacute  in  the  other. 

Explanation  of  the  symptoms. — The  causes  which 
produce  the  temporary  attacks  or  "premonitory  sym- 
ptoms" lead,  if  continued,  to  atrophy  of  the  inner 
layers  of  the  retina  (p.  205)  and  of  the  disc,  andto  con- 
sequent blindness.  The  increase  of  tension  damages 
the  retina  both  by  direct  compression  and  by  impeding 
its  circulation,  the  latter  being  probably  the  more 
important  factor  in  the  early  stages.  If  the  media 
be  clear  enough  to  allow  a  good  view,  the  retinal 
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arteries  are  seen  to  be  narrow,  and  often  pulsating 
spontaneously,  and  the  veins  engorged.  The  peri- 
l)hery  of  the  retina  suffers  soonest  and  most  from 
this  lowering  of  arterial  blood  supply,  and  hence 
probably  the  contraction  of  the  visual  field ;  but  the 
inner  layers  (compare  p.  205)  of  the  retina,  over  its 
whole  extent,  suffer  if  the  pressure  be  kept  up  (1) 
from  this  same  insufGciency  of  arterial  blood,  and 
the  changes,  including  haemorrhage,  which  follow 
impeded  venous  outflow  ;  (2)  from  direct  compression 
of  the  retina  ;  (3)  from  stretching  and  atrophy  of  the 
nerve-fibres  on  the  disc.  The  floor  of  the  disc 
(lamina  cribrosa)  ,hemg  the  weakest  jjart  of  the  eye- 
capsule,  is  slowly  pressed  backwards,  the  nerve-fibres 
being  dragged  upon,  displaced,  and  finally  atrophied ; 
the  direct  pressure  on  the  nerve-fibres,  as  they  bend 
over  the  edge  of  the  disc,  helps  in  the  same  process. 
Hence  fiaally  the  disc  becomes  not  only  atrophied, 
but  hollowed  out  (Fig.  95)  into  the  well-known 


Fig.  95. — Section  of  very  deep  glaucoma  cup.  {Compare 

Fig.  35.) 

"  glaucomatous  cup."  This  cup,  when  deep,  has  an 
ovei'hanging  edge,  because  the  border  of  the  disc  is 
smaller  at  the  level  of  the  choroid  than  at  the  level 
of  the  lamina  cribrosa ;  its  sides  are  quite  steep  even 
when  the  cui^  is  shallow  (Fig.  97). 
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With  the  ophthalmoscope  this  cupping  is  shown 
by  a  sudden  bending  of  the  vessels  just  within  the 
border  of  the  disc,  where  they  look  darker  because 


¥iG.  96. — Ophtliiilmoscopic  appearance  of  slight  cupping  of  the 
disc  in  glaucoma.  The  disc  is  surrounded  by  a  narrow, 
irregular  zone  of  atrophied  choroid.  (Wecker  and 
Jaeger.)     x  7. 

foreshortened  (Fig.  96)  ;  if  the  cup  be  deep  they  may 
disappear  beneath  its  edge  to  reappear  on  its  floor, 


Fig.  97. — Section  of  less  advanced  glaucoma  cup. 
where  they  have  a  lighter  shade  (Pig.  98).  The 
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vessels  seldom  all  bend  with  equal  abruptness,  some 
parts  of  the  disc  being  more  deeply  hollowed 
than  others,  or  some  of  the  vessels  spanning 
over  the  interval  instead  of  hugging  the  wall  of 

the  cup.  Increase 
of  tension  must  be 
maintained  for  seve- 
ral months  to  pro- 
duce cuppiug  recog- 
nisable by  the  oph- 
thalmoscope. When 
recent  acute  glau- 
coma has  been  cured 
by  operation  the 
disc,  though  not 
cujiped,  often  be- 
comes rather  hazy 
and  very  pale. — Al- 

_      no    ^^  1 .1  1         •  though  usually  the 

Fig.  98. — Oplithalinoscopic   appear-  ,•  It 

ance  of  deep  eupping  of  the  dise  in  excavation  extends 
glaucoma.  (AlteredfromLiebreich.)  from  the  first  over 
X  about  15.    .  the  whole  surface  of 

the  disc,  it  appears 
sometimes  to  begin  at  the  thinnest  'pa.vt  (the  physio- 
logical pit),  and  spread  ceutrifugally  towards  the 
border.  A  deep  cup  is  sometimes  partly  tilled  up  by 
fibrous  tissue,  the  result  of  chronic  inflammation, 
and  its  true  dimensions  are  not  then  appreciable  by 
the  ophthalmoscope. 

The  shallowness  of  the  anterior  chamber  is  pro- 
bably due  to  advance  of  the  lens  ;  it  is  by  no  means 
a  constant  symptom.  Compression  of  the  ciliary 
nerves  accounts,  in  early  cases,  for  the  sluggish  and 
usually  dilated  pupil,  and  for  the  corneal  anaesthesia. 
In  old-standing  cases  the  iris  is  often  atrophied  and 
shrunken  to  a  narrow  rim ;  iu  uncomplicated  glau- 
coma iritic  adhesions  are  never  seen.  The  corneal 
changes  depend  partly  on  "  steamiuess  "  of  the  epi- 
thelium, partly  upon  haze  of  the  corneal  tissue  from 
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oedema  (Fuchs).  In  recent  cases,  especially  if  acute, 
the  aqueous  humour  and  the  lens  appear  to  become 
somewhat  turbid.  In  old  cases,  as  already  stated, 
the  lens  often  becomes  slowly  cataractous.  There  is 
some  doubt  whether  or  no  the  vitreous  becomes  hazy 
in  glaucoma  ;  it  is  certainly  very  seldom  so  when  the 
cornea  and  lens  are  clear,  and  the  poiut  cannot  be 
settled  when  these  media  are  hazy.  The  internal 
pressure  tends,  in  acute  cases,  to  make  the  globe 
spherical,  by  reducing  the  curvature  of  the  cornea 
to  that  of  the  sclerotic  ;  it  also  in  all  cases  weakens 
the  accommodation,  at  first  by  pressing  on  the  ciliary 
nerves,  later  by  causing  atrophy  of  the  ciliary  muscle ; 
these  facts  together  explain  the  rapid  decrease 
of  refractive  power  (i.  e.  rapid  onset  or  increase  of 
presbyopia)  which  is  sometimes  noticed  by  the 
patient  (]).  258). — The  choroidal  circulation  is  ob- 
structed by  the  increase  of  pressure,  and  in  severe 
glaucoma,  especially  of  old  standing,  the  anterior 
ciliary  veins  (forming  the  ej^iscleral  plexus)  (Figs. 
25  and  29),  as  well  as  the  arteries  (Fig.  27),  become 
very  much  enlarged. 

Mechanism  of  cjlaucoma. — The  increased  tension  is 
due  to  excess  of  fluid  in  the  eyeball.  Impeded 
escape  is  probably  the  chief  cause  of  this  excess,  and 
recent  research  has  proved  that  changes  are  present 
in  nearly  all  glaucomatous  eyes,  which  must  lessen, 
or  prevent,  the  normal  outflow.  But  increased 
secretion,  and  internal  vascular  congestion,  undoubt- 
edly play  an  important  jaart  in  certain  cases.  Some 
authorities  have  attributed  the  phenomena  of  glau- 
coma to  vaso-motor  changes  in  the  size  of  the  blood- 
vessels, but  such  hypotheses  are  wanting  in  proof. 
Both  conditions  would  have  most  effect  when  the  scle- 
rotic was  most  unyielding,  i.  e.  in  old  age,  and  in  hy- 
permetropic eyes  (p.  257).  It  is  probable  that  there 
is  a  constant  movement  of  fluid  from  the  vitreous 
humour  through  the  suspensory  ligament  of  the  lens, 
and  also  from  the  anterior  part  of  the  ciliary  pro- 
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cesses,  into  the  anterior  chamber,  as  shown  by  the 
dotted  line  in  Fig.  99.  The  fluid  escaiDes  from  the 
anterior  chamber  into  the  lymphatics  and  j^erhaps 
into  the  veins  of  the  sclerotic,  through  the  meshes 
of  the  Vujamentum  pectinatuni  (Fontana's  sjjaces), 
which  close  the  angle  a ;  and  it  has  been  proved 


Fig.  99. — Section  through  the  ciliary  region  in  a  healtliy  human 
eye.  Co.,  cornea;  ScL,  sclerotic;  CM.,  ciliary  muscle; 
C.P.,  two  ciliary  processes,  one  larger  than  the  other ; 
Ir.,  Iris;  L.,  the  marginal  part  of  the  crystalline  lens; 
a,  angle  of  anterior  chamber ;  d,  membrane  of  Descemot, 
which  ceases  (as  such)  before  reaching  the  angle  a.  The 
clotted  line  shows  the  course  probably  taken  by  fluid  from 
the  anterior  part  of  the  vitreous  into  the  posterior  aque- 
ous chamber,  where  it  is  augmented  by  aqueous  humour 
seci'eted  by  the  anterior  part  of  the  ciliary  process,  thence 
through  the  pupil  (not  shown)  into  the  anterior  aqueous 
chamber,  to  an  angle  a.  Suspensory  ligament  of  lens  not 
shown.     X  10. 

that  very  little  fluid  can  pass  through  any  other  part 
of  the  cornea.  In  glaucoma  the  angle  a  is  nearly 
always  closed,  in  recent  cases  by  contact,  in  old  cases 
by  permanent  cohesion,  between  the  periphery  of  the 
iris  and  the  cornea  (Figs.  100  and  101).  No  complete 
explanation  of  this  advance  of  the  iris  has  yet  been 
given.  Dr  Adolf  Weber  holds  that  the  ciliary  pro- 
cesses becoming  swollen  from  various  causes,  push 
the  iris  forwards,  and  so  start  the  glaucomatous 
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state.  Priestley  Smith*  believes  tliat  the  primary 
obstruction  is  at  the  narrow  chink  between  the  edge 
of  the  leus  and  the  tips  of  the  ciliary  processes  ("  cir- 
cumlental  space"),  and  that  the  block  may  depend 
upon  one  or  more  of  three  factors — iucx'ease  in  the 


Fig.  100. — Ciliiiry  region  from  a  case  of  acute  glaucoma  of  one 
month's  duration.  (1  and  2,  situations  of  iridectomy 
wounds  in  two  cases.)     x  10. 

size  of  the  lens  due  to  advancing  years,  f  abnonnal 
smallness  of  the  ciliary  area  as  in  hypermetropia. 


Fig.  101. — Ciliary  region  in  chronic  glaucoma  of  three  years' 
standing,     x  10. 

;  and  abnormal  enlargement  of  the  ciliary  processes. 
I  Obstruction  of  this  space  leads  to  i-ise  of  pressure 
i  in  the  vitreous,  followed  by  advance  of  the  lens  and 
I  ciliary  processes  against  the  base  of  the  iris  and 

*  Priestley  Smith,  '  Trans,  of  Ophth.  Soc.,'  vol.  vi,  1886. 

t  The  increase  in  the  size  of  the  lens  as  age  advances  has 
Ibeen  proved  beyond  doubt  by  Priestley  Smith's  researches.  Ibid 
»TOl.  iii  (1883). 
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consequent  closure  of  the  angle.  Brailej  holds  that 
a  chronic  inflammation  of  the  ciliary  mnscle  and 
processes,  and  of  the  iris,  quickly  passing  on  to 
atroi^hic  shrinking,  leads  to  narrowing  of  the  angle 
and  initial  rise  of  tension  ;*  in  a  later  paper,  how- 
ever, he  agrees  to  some  extent  with  the  view  of 
Weber,  above  referred  to.f  Cases  of  chronic  glau- 
coma have  been  seen  in  which  the  iris  was  conge- 
nitally  absent. 

But  there  are  cases  which  show  that  the  matter 
is  not,  always,  so  simple.  Stilling,  of  Strasbourg, 
has  lately  (1885)  contended  that  the  waste  fluids 
escape  by  the  central  canal  of  the  vitreous  into  the 
optic  nerve,  and  partly  also  by  filtration  through  the 
circum- papillary  portion  of  the  sclerotic,  and  that  a 
sclerosis  of  tliese  parts,  by  diminishing  their  perme- 
ability, leads  to  glaucoma ;  BraileyJ  states  from 
pathological  research  that  inflammation  of  the  optic 
nerve  is  always  present  quite  early  in  glaucoma,  and 
that  it  precedes  the  increased  tension  ;  and  ophthal- 
moscopic examination  in  certain  cases  lends  support 
to  this  statement. §  It  may  be  added,  in  support  of 
these  views,  that  glaucoma  may  occur  after  removal 
of  the  lens,  that  in  some  cases  of  glaucoma  the  angle 
of  the  antei'ior  chamber  remains  freely  open,  and 
that  the  ophthalmoscopical  appearances  of  glaucoma 
are  occasionally  seen  without  increase  of  T.  (For 
other  causes  see  Secondary  Glaucoma,  p.  275.) 

An  over-supjDly  of  fluid  affects  the  tension  differ- 
ently in  different  cases.  Congestion  and  ordinary 
inflammations  of  the  retina  and  uveal  tract  do  not 
cause  glaucoma,  and  dilatation  of  the  arteries  by 
vaso-motor  paralysis  is  said  to  be  accompanied  by 
diminished  tension.  But  tumours  in,  and  even  upon, 
the  eye  often  give  rise  to  secondary  glaucoma,  and 

*  Brailey,  '  Ophth.  Hosp.  Reports,'  x,  pp.  14,  89,  93  (1880). 

t  Brailey,  ibid.,  p.  282  (1881). 

X  Brailey,  ibid.,  pp.  86,  277,  282. 

§  Nettlcship, '  St  Thomas's  Hosp.  Rep.,'  vol.  xiv. 
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probably  the  active  congestion  and  transudation  of 
fluid  and  small  cells,  which  occur  near  to  a  quickly 
growing  tumour,  are  the  chief  factors  ;  certainly  the 
glaucoma  stands  in  no  constant  relation  either  to  the 
size  or  position  of  the  tumour.  A  relation  is  observed 
in  some  cases  between  glaucoma  and  neuralgia  of  the 
fifth  nerve ;  and  T.  is  said  to  be  lowered  in  paralysis 
of  this  nerve.  Probably  the  pain  acts  by  causing 
associated  congestion,  and  thus  setting  up  glaucoma 
in  a  predisposed  eye. 

General  and  diathetic  causes. — In  an  eye  predis- 
posed, by  the  changes  above  mentioned  in  the  ciliary 
region,  any  cause  of  congestion  may  precipitate  an 
acute  attack.  Congestion  of  the  eyes  in  connection 
with  disturbances  of  the  general  circulation  from 
heart  disease,  bronchitis,  or  portal  engorgement,  or 
due  to  loss  of  sleep  from  gout,  neuralgia,  worry,  &c., 
or  caused  by  the  over-use  of  presbyopic  eyes  without 
suitable  glasses,  or  by  a  blow,  or  prolonged  ophthal- 
moscopic examination,  or  exposure  to  cold  wind,  may 
all  bring  it  about.  Atropine  has  sometimes  caused 
an  attack,  because,  by  lessening  the  width,  it  increases 
the  thickness  of  the  iris,  and  so  crowds  it  into  the 
angle  of  the  anterior  chamber.  Iridectomy  on  one 
eye  occasionally  sets  up  acute  glaucoma  in  the  other, 
probably  by  causing  general  excitement  and  disturb- 
ance, and  it  is  now  customary  to  use  eserine  as  a 
preventive  in  the  second  eye  after  iridectomy  in  the 
first.  Glaucoma  is  uncommon  before  the  age  of 
forty  and  is  most  frequent  between  fifty-five  and 
sixty-five  ;*  the  rare  cases  seen  in  young  adults  and 
children  are  generally  chronic  and  often  associated 
with  other  changes  in  the  eyes,  particularly  myoj^ia. 
Acute  cases  are  often  dated  from  a  period  of  over- 
work of  the  eyes,  or  want  of  sleep,  as  from,  sitting 
up  nursing,  &c.    Patients  who  have  had  glaucoma 

*  Statistics  of  1000  ciises  collected  by  Priestley  Smitli,  loc. 
vit..  (1886).  Gallenga  (Turin),  in  3,30  casesj  finds  the  frequency 
greatest  between  60  and  70. 
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in  one  eye  should  be  emphatically  warned  as  to  the 
danger  of  over-using  the  eyes,  or  of  working  with- 
out ])roper  glasses,  and  against  dietetic  errors.  Pri- 
mary glaucoma  is,  according  to  the  newest  statis- 
tics,*  as  a  whole  I'ather  commoner  in  women  than 
men  ;  and  whilst  the  acute  (congestive)  forms  are 
much  commoner  in  women,  very  chronic  glaucoma  is 
rather  commoner  in  men. 

Treatment. — Iridectomy,  or  an  equivalent  operation, 
is,  with  very  few  exceptions,  the  only  curative  treat- 
ment. Eserine  or  pilocarpine  (gr.  i — ij  to  5])  used 
locally,  however,  diminishes  the  tension  in  acute 
glaucoma,  and  a  few  attacks  seem  to  have  been 
permanently  cured  by  it.  But  although  seldom 
really  curative,  eserine  is  of  great  tem]:)orary  value 
in  cases  whei'e  an  operation  has  to  be  deferred.  It 
has  little  or  no  effect  on  the  tension  unless  it  cause 
marked  contraction  of  the  pupil.  Eserine  acts  (1) 
by  stretching  the  iris  and  drawing  it  away  from  the 
angle  of  the  anterior  chamber ;  (2)  by  the  contrac- 
tion of  the  ciliary  muscle  which  it  causes,  the 
meshes  of  the  tissue  bounding  this  angle  are  more 
widely  opened.  Eserine  causes  congestion  of  the 
ciliary  processes,  and  probably  this  explains  why,  if 
it  do  not  soon  relieve,  it  sometimes  aggravates,  the 
symptoms.  It  is  of  use  chiefly  in  recent,  and  espe- 
cially in  acute,  cases  ;  a  solution  of  half  a  grain  or  a 
grain  of  the  sulphate  in  the  ounce  is  to  be  used  about 
every  two  hours  and  continued  if  relief  be  obtained. 
If  in  a  few  hours  it  increase  the  pain  and  do  not 
lessen  the  T.  it  should  be  abandoned.  The  pain  in 
acute  cases  may  be  much  relieved  by  leeching, 
warmth  to  the  eye,  derivative  treatment  such  as 
purgation  and  hot  foot-baths,  and  soporifics.  Co- 
cain  is  used  with  the  eserine  by  some  surgeons,  and 
seems  to  increase  its  efficacy. 

Iridectomy  cui-es  glaucoma  by  permanently  reduc- 

*  Priestley  Smitli,  loc.  cit.  (188G)  ;  in  1000  cases  569  women 
and  431  men. 


XVII. 


GLAUCOMA 


271 


ing  the  tension  to  the  normal  oi'  nearly  normal 
degree.  It  is  found  that  the  best  results  are 
obtained  if — (1)  the  path  of  the  incision  lie  in  the 
sclerotic  from  1  to  2  mm.  from  the  appai'ent  corneal 
border  (Fig.  100)  ;  (2)  the  wound  be  large,  allowing 
removal  of  about  a  fifth  of  the  iris ;  (3)  the  iris 
be  removed  quite  up  to  its  ciliary  attachment,  which 
is  best  done  by  first  cutting  one  end  of  the  drawn- 
out  loop  of  iris,  then  tearing  it  from  its  ciliary 
attachment  along  the  whole  extent  of  the  wound, 
and  cutting  through  the  other  end  separately.  {See 
Operations.)  Evacuation  of  the  aqueous  humour 
by  paracentesis  of  the  anterior  chamber  gives  only 
temporary  relief. 

A  mere  wound  in  the  sclerotic,  differing  but  little 
in  position  and  extent  from  that  made  for  iridec- 
tomy, is  sufiicient  to  relieve  +  T.,  and  to  cure  some 
cases  of  glaucoma  permanently,  and  this  operation 
(subconjunctival  sclerotomy)  was  largely  adopted  by 
some  operators  a  few  years  ago.  Iridectomy,  how- 
ever, has  held  its  ground  as  the  more  effectual  opera- 
tion. Sclerotomy  is  open  to  objection — ^(1)  because 
the  position  and  length  of  the  wound  are  not  per- 
fectly under  control ;  if  too  far  forward  and  too 
short  it  is  ineffectual,  if  too  far  back  and  too  long 
there  is  risk  of  wounding  the  ciliary  processes  and 
getting  haemorrhage  into  the  vitreous  ;  even  shrink- 
ing of  the  operated  eye  and  sympathetic  inflamma- 
tion of  the  other  have  occurred;  (2)  because  the 
iris  may  prolapse  into  the  wound,  and  need  removal, 
and  the  operation  then  becomes  an  iridectomy ; 
(3)  when  the  antei'ior  chamber  is  very  shalloAV 
sclerotomy  cannot  be  supposed  to  aid  the  exit  of  fluid 
so  much  as  the  removal  of  a  piece  of  the  iris. 

Several  other  operations,  the  principle  of  which  is 
to  make  a  puncture  at  the  sclero-corneal  junction,  or 
through  the  sclerotic  near  the  equator,  have  been 
tried,  but  have  not  gained  general  confidence. 

Whichever  operation  be  employed  in  ghuiconia 
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the  formation  of  the  operation  scar  in  the  sclerotic 
is  certainly  a  most  important  factor. 

Iridectomy  in  acute  glaucoma  no  doubt  acts,  at 
first,  by  removing  a  portion  of  the  iris  from  the 
blocked  angle  (Fig.  100),  and  thus  allowing  the 
normal  escape  of  fluid.  Some  high  authorities  hold, 
however,  that  its  permanent  efi'ect  is  due  to  the 
formation,  at  the  seat  of  the  wound,  of  a  layer  of 
tissue  more  pervious  to  the  eye-fluids  than  the 
sclerotic  ("  filtration-scar  ") ;  an  iridectomy  for  glau- 
coma which  heals  slowly  is  at  any  rate  believed  to 
be  more  favorable  than  one  which  heals  immediately, 
i.  e.  with  no  new  tissue,  and  a  slight  bulging  of  the 
scar  is  held  by  some  surgeons  to  be  rather  desirable 
than  otherwise.  That  a  mere  sclerotomy  may  be 
sufficietit  points  in  the  same  direction.  Such  a  porous 
scar  never  forms  if  the  incision  be  in  the  cornea. 

An  operation,  usually  iridectomy,  is  to  be  done  in 
all  cases  of  acute  and  subacute  glaucoma,  whether 
there  be  great  pain  or  not,  so  long  as  some  sight  still 
remains,  and  even  if  all  p.  1.  be  lost,  jjrovided  that  the 
blindness  be  of  only  a  few  days'  duration.  Even  if 
the  eye  be  permanently  quite  blind,  iridectomy  or 
sclerotomy,  or  perhaps  stretching  the  infra-trochlear 
nerve  is  sometimes  preferable  to  excision  of  the  globe, 
for  the  relief  of  pain  (p.  276). 

Chronic  ("simple")  glaucoma  should,  in  my 
opinion,  always,  if  possible,  be  operated  upon  early, 
as  soon  as  the  diagnosis  is  certain  and  before  the 
field  is  much  damaged ;  the  prognosis  is  then  fairly 
good.  In  advanced  chronic  glaucoma,  when  the 
field  has  become  much  contracted,  visual  acuteness 
usually  much  lowered,  and  the  disc  pale  and  consi- 
derably cuj^i^ed,  the  rule  is  less  clear,  for  it  is  Avell 
known  that  the  effect  of  operation  in  such  cases  is  far 
from  constant.  But  as  no  other  treatment  is  of  use, 
and  iridectomy  is  certainly  often  beneficial,  it  should 
usually  be  performed,  especially  if  the  disease  affect 
both  eyes.  ^  The  patient's  prospect  of  life  must  be 
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allowed  for  in  chronic  glaucoma ;  if  he  be  old  and 
feeble,  life  may  end  before  the  disease  have  progressed 
to  blindness. 

There  is  often  difficulty  in  deciding  upon  the  best 
course  in  the  so-called  "premonitory"  stage,  which 
consists,  in  truth,  of  transient  attacks  of  slight  glau- 
coma. When  it  is  clear  that  attacks  of  temporary 
mistiness  and  rainbows  are  glaucomatous,  and  that 
they  are  getting  more  frequent,  iridectomy  should 
seldom  be  deferred  ;  but  if  the  patient  can  be  seen 
at  short  intervals  eserine  should  ha,ve  a  fair  trial 
before  operation  is  resorted  to.  It  is  to  be  remem- 
bered that  iridectomy  done  when  sight  is  still  good 
may,  by  allowing  spherical  aberration  (p.  14)  and 
caiising  corneal  astigmatism  (p.  179),  increase  the 
defect  (p.  14)  ;  and  this,  though  not  of  necessity  a 
contra-indication,  must  be  taken  into  account. 

The  prognosis  after  operation  is,  in  general  terms, 
better  in  proj^ortion  as  the  disease  is  acute  and 
recent.  If  operated  on  within  a  few  days  of  the 
onset  of  acute  symptoms,  provided  that  fingers  can 
still  be  counted  at  the  time  of  operation,  sight  is 
often  restored  to  the  state  in  which  it  was  at  the 
onset,  i.  e.  if  the  disease  be  recent,  nearly  j^erfect 
sight  will  be  restored.  Even  in  cases  combining  the 
maximum  of  acuteness  and  severity,  in  which  vision 
has  for  the  last  few  days  been  reduced  to  mere  p.  1., 
the  operation  is  often  successful  in  restoring  some 
degree  of  useful  sight.  But  the  prognosis  is  not 
always  so  favorable  in  acute  glaucoma,  especially  if 
the  patient's  health  be  much  broken  down ;  and  if 
there  be,  as  is  by  no  means  uncommon,  evidence  that 
sight  had  been  already  damaged  by  chronic  glaucoma 
before  the  acute  attack  set  in,  the  prognosis  must  be 
guarded.  In  simple  chronic  glaucoma  we  can  only 
hope  as  a  rule  to  stop  the  disease  where  it  is  and 
prevent  the  sight  from  getting  worse. 

The  full  effect  of  the  operation  is  not  seen  for 
several  weeks,  though  a  marked  immediate  effect  is 
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produced  in  acute  cases.  In  cases  of  long  standing 
'I',  may  remain  permanently  ratber  +  after  opera- 
tion, without  Lad  effect,  provided  it  he  very  much 
less  than  before  the  operation  ;  tbe  eye  tissues  can  in 
some  degree  adapt  themselves  to  increased  pressui'e. 

A  second  iridectomy  in  the  opposite  direction,  or 
a  sclerotomy,  should  be  done  if  T.,  having  been  re- 
duced to  normal,  or  very  slightly  -f ,  after  tbe  first 
operation,  rise  definitely,  and  be  accompanied  by  a 
return  of  other  symptoms ;  but  several  weeks  should 
generally  elapse,  for  slight  waves  of  glaucomatous 
tension  may  occur  before  the  eye  has  fully  recovered 
from  the  first  operation,  and  these  may  often  be 
relieved  by  other  means.  Cases  which  relapse  defi- 
nitely, or  which  steadily  get  worse  after  the  first 
oi)eration,  are  always  very  grave,  and  the  second 
operation  must  not  be  confidently  expected  to 
succeed.  If  after  iridectomy  in  acute  glaucoma  the 
symptoms  are  not  relieved,  even  for  a  time,  or  become 
worse,  some  complication  is  to  be  suspected,  such  as 
haemorrhage  from  the  retina  or  choroid,  or  a  tumour. 
(See  Secondary  Glaucoma.) 

Other  treatment. — If  we  are  obliged  to  delay  the 
operation,  the  other  means  mentioned  at  p.  272 
shoiild  be  prescribed,  including  eserine.  The  diet 
should  as  a  rule  be  liberal,  unless  the  patient  be 
plethoric.  It  is  very  important  to  ensure  sound  sleep 
and  mental  calm.  After  the  operation,  until  the  eye 
has  become  quiet,  all  causes  likely  to  induce  conges- 
tion must  be  carefully  avoided,  such  as  use  of  the  eyes, 
stooping  or  straining,  and  j^rolouged  ophthalmoscopic 
examination.  Atropine  must  never  be  used.  We 
should  be  on  the  alert  for  the  earliest  symptoms  in 
the  second  eye  after  operation  on  the  first  (p.  270),  and 
the  use  of  eserine  may  be  advisable  as  a  prophylactic. 

In  a  few  cases  of  very  chronic  or  subacute  charac- 
ter, with  great  increase  of  T.,  iridectomy  seems  to 
aggravate  the  disease,  being  followed,  not  even  by 
temi)oi'ary  benefit,  but  by  persistence  of  -f  T.,  in- 
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creased  irritability,  and  still  further  deterioration  of 
sight  ("  glaucoma  malignum  ").  Perhaps  the  tilting 
forward  of  the  lens,  which  sometimes  follows  iridec- 
tomy, may  account  for  the  result. 

Glaucoma  may  occur  independently  in  cataractous 
eyes ;  and  in  eyes  from  which  the  lens  has  been 
extracted,  with  or  without  iridectomy. 

Secondary  glaucoma  may  be  acute  or  chronic, 
according  as  it  is  a  consequence  of  active  disease  or 
of  sequelae.  It  may  be  caused  by  circular  iritic 
synechia  with  bulging  of  the  iris  (p.  130).  Various 
forms  of  chronic  irido-keratitis  and  irido-choroiditis 
(p.  132),  especially  the  sympathetic  form  (p.  146), 
ai'e  liable  to  be  accompanied  by  it:  in  the  former  it 
may  be  due  to  choking  of  the  spaces  of  Fontana  by 
inflammatory  products,  and  perhaps  to  excessive 
secretion  from  the  ciliary  processes  ;  in  the  sympa- 
thetic disease,  to  total  2:)Osterior  synechia.  It  may 
follow  perforation  of  the  cornea  with  large  anterior 
synechia.  The  eye  often  becomes  temporarily  glau- 
comatous in  the  course  of  traumatic  cataract  from  the 
jsressure  of  the  swollen  lens  on  the  iris  and  ciliary 
processes,  especially  in  patients  past  middle  life  (j). 
180).  In  none  of  these  cases  is  there  much  danger 
of  mistaking  secondary  for  idioiDathic  glaucoma. 

But  secondary  glaucoma  may  result  from  various 
deeper  changes.  When  the  lens  is  dislocated  (p.  181), 
either  behind  or  in  front  of  the  iris,  it  often  sets  up 
glaucoma,  sometimes  of  a  very  severe  tyj^e,  appa- 
.rently  by  pressing  on  the  ciliary  processes  or  iris. 
Thei'e  is  generally  the  history  of  a  blow ;  and  in  poste- 
rior dislocation,  even  if  the  edge  of  the  displaced  lens 
cannot  be  seen,  the  iris  is  usually  tremulous,  and  its 
surface  concave  or  flat  at  one  part,  whilst  bulging  or 
prominent  at  another.  If  we  are  sure  that  a  lens  dis- 
located into  the  vitreous  is  causing  the  symptoms,  it 
should  be  extracted  with  a  scoop  (see  Operations)  ;  and 
if  lying  in  the  anterior  chamber  should  also  usually 
be  removed.    If  the  eye  become  glaucomatous  imme- 
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diately  after  a  severe  blow  (p.  153)  the  condition  of 
the  lens  may  not  be  ascertainable,  and  then  an  iridec- 
tomy must  be  done  and  the  eye  be  watched ;  vitreous 
is  very  likely  to  escape  at  the  operation  if  there  be 
dislocation  of  the  lens,  for  the  latter  condition  implies 
rupture  of  the  suspensory  ligament. — Hsemorrhage 
into  an  eye  whose  retina  is  detached  (e.  g.  in  high 
degrees  of  myopia)  may  give  rise  to  acute  glaucoma 
with  severe  pain. — A  glaucomatous  attack  generally 
occurs  during  the  growth  of  an  inti-aocular  tumour 
(p.  283).  It  is  often  impossible  to  distinguish  such 
a  case,  in  an  adult,  from  one  of  idiopathic  glaucoma 
of  the  same  severity  and  standing ;  for  even  if  the 
lens  be  not  opaque,  and  it  often  is  so,  the  other 
inedia  will  probably  be  too  hazy  to  allow  an  oph- 
thalmoscopic  examination,  the  growth  itself  is  usually 
of  a  dark  colour,  and  both  idiojiathic  glaucoma  and 
choroidal  sarcoma  are  diseases  of  advanced  life. 
In  almost  every  case,  however,  the  glaucoma  will 
be  "  absolute,"  and  will  be  known  to  have  been  so 
for  weeks  or  months,  and  there  will  also  be  the 
negative  fact  that  the  fellow-eye  shows  no  signs  of 
glaucoma.  If  a  glaucomatous  eye,  which  has  been 
absolutely  blind  for  several  months,  remain  jjainful 
and  congested,  and  its  media  too  opaque  for  ophthal- 
moscopic examination,  it  should  be  excised  as  likely 
to  contain  a  tumour.  Tumom-s  in  the  eyes  of  chil- 
dren also  cause  secondary  glaucoma,  but  there  is 
seldom  any  difficulty  in  making  the  diagnosis ;  the 
patient  is  far  below  the  age  for  primary  glaucoma, 
and  the  growth  is  usually  conspicuous  from  its 
whitish  colour. — Secondary  glaucoma  now  and  then 
supervenes  in  cases  of  albuminuric  retinitis,  and 
of  embolism  or  thrombosis  of  the  retinal  vessels,  and 
in  cases  of  retinal  haemorrhage  from  other  causes 
("  hceviorrhagic  glaucoma^').  In  glaucoma  with  hae- 
morrhage the  diagnosis  can  sometimes  be  completed 
only  after  an  unsuccessful  operation  has  shown  that 
the  case  is  not  a  simple  one. 
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TUMOURS  AND  NEW  GROWTHS  OF  THE  EYEBALL  AND 
CONJUNCTIVA 

A,  Tumours  and  Growths  of  the  Oonjunctiva  and  Front 
of  the  Eyeball 

Cauliflower  warts,  with  narrow  pedicles,  like  those 
on  the  glans  penis,  but  flattened  like  a  cock's  comb 
by  pressure,  ai-e  sometimes  seen  on  the  ocular  and 
palpebral  conjunctiva.  Each  wart  with  a  small 
portion  of  healthy  conjunctiva  around  its  pedicle 
must  be  snipj)ed  off,  or  the  growth  is  likely  to  recur. 

Lupus  occasionally  extends  from  the  skin  of  the 
eyelid  to  the  palpebral,  aud  later  to  the  ocular,  con- 
junctiva. The  part  affected  is  very  vascular,  irregu- 
larly thickened  and  ulcerated.  It  may  also  appear 
independently  on  the  palpebral  conjunctiva,  the  skin 
of  the  eyelid  being  healthy.  It  is  usually  limited 
to  a  part  of  one  eyelid.  There  may  be  coexistent 
lupus,  either  of  skin  or  oral  mucous  membrane. 
There  seems  much  doubt  whether  any  distinction  can 
be  made  between  the  rare  cases  that  have  been 
described  as  ttihercle  of  the  conjunctiva  (ocular  or 
palpebral)  and  what  most  surgeons  call  lupus.* 
Conjunctival  lupus  is  much  benefited  by  the  usual 
local  treatment. 

The  eyelid,  and  especially  the  tarsus,  is  now  and 
then  the  Seat  of  diffused  gummatous  inflammation 
ia  the  tertiary  stage  of  syjshilis.    The  infiltration 

*  Consult  Hirschberg,  'Trans.  Intornat.  Med.  Cong.,  1881/ 
3, 117 ;  Benson, '  Trahs.  Opli.  Soc.,'  v,  41  and  51  (1885) ;  Mules, 
'  Oph.  Rev./  iv,  3  (1885). 
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gives  rise  to  a  hard,  indolent  swelling  of  the  whole  lid 
{syphilitic  tarsitis). — Chancres  and  tertiary  syphilitic 
ulcei's  may  occur  on  the  lids  (p.  71). 

Pinguecula,  a  yellowish  spot,  looking  like  adipose 
tissue,  in  the  conjunctiva,  close  to  the  inner  or  outer 
edge  of  the  cornea,  consists  of  thickened  conjunctiva 
and  subconjunctival  tissue,  and  contains  no  fat.  It 
is  commonest  in  old  people,  and  in  those  whose  eyes 
are  exposed  to  local  irritants.  Though  of  no  conse- 
quence, advice  is  often  asked  about  it. 

Pterygium  is  a  triangular  patch  of  thickened  ocular 
conjunctiva,  the  apex  of  which  encroaches  upon  the 
cornea  ;  it  is  almost  always  seated  on  the  exposed  part 
of  the  eye.  It  varies  much  in  area,  thickness,  and 
vascularity,  and  though  usually  stationary  may  be 
progressive.  It  is  to  be  distinguished  from  opacity 
of  the  cornea,  and  from  the  cicatricial  band  (symble 
pharon),  which  often  forms  between  lid  and  globe 
after  burns  or  wounds  of  the  conjunctiva.  It  is 
rarely  seen  except  in  those  who  have  spent  some 
years  in  hot  countries.  The  best  treatment  is,  aftei- 
dissecting  up  the  growth,  to  double  it  inwards  upon 
itself,  drawing  its  apex  into  the  chink  between 
sclerotic  and  conjunctiva  by  means  of  a  deep  suture, 
which  is  brought  out  again  near  the  caruncle ;  or  to 
transplant  the  growth  into  a  cleft  in  the  conjunctiva 
below  the  cornea ;  excision  or  ligature  is  less  effec- 
tual. Adhesion  of  swollen  conjunctiva  to  a  marginal 
ulcer  of  cornea  is  the  starting-point  of  pterygium. 

Small  thin  cysts,  sometimes  elongated  and  beaded, 
with  clear  watery  contents,  are  not  uncommon  in 
the  ocular  conjunctiva  near  to  one  of  the  canthi. 
They  are  formed  by  distension  of  valved  lymphatic 
ti'unks. 

Dermoid  tumours  (solid)  of  the  eyeball  are  much 
scarcer  than  the  cystic  dermoids  of  the  eyebrow 
(p.  295).  They  are  whitish,  smooth,  hemispherical, 
and  firnj.  They  generally  lie  in  the  palpebral  fissure, 
and  are  cither  wholly  conjunctival  and  moveable,  or 
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partly  corneal  and  fixed.  They  are  solid,  and  hairs 
may  grow  from  their  surface.  They  may  he  com- 
bined with  other  congenital  anomalies  of  the  eye  or 
lids.  The  corneal  portion  of  such  a  tumour  cannot 
always  be  perfectly  removed. 

The  swelling  in  some  cases  of  episcleritis  (syphilitic 
or  not)  may  be  mistaken  for  a  tumour  (p.  138).  A 
few  cases  of  innocent  tumour  on  the  edge  of  the 
cornea  have  been  described  as  fibroma  ;  it  is  not 
certain  that  some  of  these  may  not  have  been 
chronic  gummata. 

A  congemt-dA  fibro-fatty  ffvoivlh  sometimes  occurs  in 
the  form  of  a  yellowish,  lobulated,  tongue-like  pro- 
trusion between  the  lid  and  the  globe,  and  usually  at 
the  outer  and  upper  side  of  the  orbit. 

Cystic  tumours  may  be  met  with  beneath  the  pal- 
pebral conjunctiva.  The  very  rare  form  known  as 
Dacryops  is  a  bluish  tumour  caused  by  occlusion  and 
distension  of  a  duct  of  the  lacrimal  gland ;  but  other 
cystic  conjunctival  tumours  are  met  with  wliicli  can- 
not be  so  explained  (j).  293).  Fibrous,  and  even  hony 
tumours  are  occasionailv  seen  in  the  substance  of  the 
upper  lid,  perhaps  starting  from  the  tarsus;  in  one 
case  a  tooth  was  removed  from  the  lower  lid  by 
Carver  (Nagel,  p.  432) ;  and  soit polypoid  growths  have 
been  met  with  in  the  sulcus  between  lid  and  globe. 

Malignant  tumours  arise  much  less  commonly  on 
the  front  of  the  eye  than  in  the  choroid  or  retina. 
They  may  be  either  ei^ithelial  or  sarcomatous.  An 
injury  is  often  stated  to  be  the  cause  of  the  growth. 

Epithelioma  may  begm  on  the  ocular  conjunctiva, 
in  which  case  it  remains  moveable,  or  at  the  sclero- 
corneal  junction,  when  it  quickly  encroaches  on  the 
cornea,  infiltrates  its  superficial  layers,  and  becomes 
fixed.  It  may  be  pigmented.  When  such  a  growth 
is  not  seen  until  late,  it  may  perhaps  be  as  large  as  a 
walnut,  may  cover  or  surround  the  cornea,  and  \)ve- 
sent  a  papillary  or  lobulated  surface.  The  glands 
in  front  of  the  ear  may  be  enlarged. 
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Sarcoma  in  this  region  may  or  may  not  be  pig- 
mented. It  generally  ai'ises  at  the  sclero-corneal 
junction,  and  when  small  the  conjunctiva  is  traceable 
over  the  growth.  But  in  advanced  cases  it  may  be 
impossible  from  the  clinical  features  to  diagnose  the 
nature  of  a  tumour  in  this  part. 

Moveable  tumours  (epithelioma)  not  involving  the 
cornea  may  be  cut  off,  but  are  very  likely  to  recur ; 
and  recurrence  is  still  moi-e  likely  in  the  case  of 
growths  fixed  to  the  cornea  or  sclerotic.  Eemoval  of 
the  eyeball  at  an  early  date,  especially  in  the  case 
of  sarcomata,  is  the  best  coui'se  in  the  majority  of 
cases. 

The  lacrimal  sac  is  occasionally  the  seat  of  new 
growth,  which  may  be  mistaken  for  chronic  mu- 
cocele. 

B.  Intraocular  Tumours 

By  far  the  commonest  forms  are  glioma  of  the 
retina  and  sarcoma  of  the  choroid. 

Glioma  of  the  retina  is  a  disease  of  infancy  or  early 
childhood,  the  patients  being  generally  under  three 
years  old  when  first  brought  for  treatment ;  it  may, 
however,  be  present  at  birth,  and  is  said  occasionally 
to  begin  as  late  as  the  eleventh  or  twelfth  year. 
Glioma  is  very  soft,  composed  of  small  round  cells 
which  grow  from  the  granule  layers  of  the  retina,  and 
it  either  grows  outwards,  causing  detachment  of  the 
retina,  or  inwards  into  the  vitreous  ;  often  several, 
more  or  less  separate,  lobules  are  present.  It  often 
fills  the  eyeball  in  a  few  months,  and  then  spreads 
by  contact  to  the  choroid,  and  to  the  sclerotic  and 
orbit.  It  is  especially  prone  to  travel  back  along  the 
optic  nerve  to  the  brain  ;  and  it  may  cause  secondary 
deposits  in  the  brain  and  in  the  scalp,  and  more  rarely 
in  distant  parts.  If  the  eye  be  removed  before  either 
the  optic  nerve  or  the  orbital  tissues  are  infiltrated 
the  cure  is  radical,  but  in  the  more  numerous  cases, 
where  the  patient  is  not  seen  till  what  may  be  called. 
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clinically,  the  second  stage  (see  below),  a  fatal  retui-n 
in  the  orbit  or  within  the  skull  is  the  rtile.  Griioma 
sometimes  occurs  in  both  eyes,  and  in  several  chil- 
di-en  of  the  same  parents. 

The  earliest  symptom  is  a  shining  Avhitish  apj^ear- 
ance  deep  in  the  eye,  and  the  eye  is  soon  noticed  to 
be  blind  ;  as  there  is  neither  pain  nor  redness,  advice 
is  seldom  sought  at  this  stage.  T.  is  n.  or  rather  — . 
When  the  peculiar  appearance  has  become  very 
striking,  or  the  eye  becomes  painful,  the  child  is 
orouglit.  In  this  (the  second)  stage  there  is  gene- 
rally some  congestion  of  the  scleral  vessels,  and  a 
white,  pink,  or  yellowish  reflexion  from  behind  the 
lenr  (which  remains  clear),  steaminess  of  the  cornea, 
mydriasis,  T.  +,  anterior  chamber  shallow  and  of 
uniform  depth ;  there  may  be  enlargement  or  pro- 
minence of  the  eyeball.  On  examination  by  focal 
light,  some  vessels  can  generally  be  seen  on  the 
whitish  background,  and  white  specks,  indicating 
degeneration,  are  sometimes  present. 

In  young  children  the  above  apjjearances  are 
sometimes  simulated  by  inflammatory  changes  in 
the  vitreous,  with  detachment  of  the  retina,  the  result 
of  spontaneously  arrested  severe  irido-choroiditis 
(compare  p.  143).  The  differential  diagnosis  is  occa- 
sionally very  difficult.  In  these  cases  oi  pseudo-glioma 
iritic  adhesions  ai'e  usually  present,  T.  is  — ,  the  eye 
somewhat  shrunken,  the  anterior  chamber  deep  at  its 
l^eriphery,  whilst  absent  or  shallow  at  the  centre. 
There  is  often  the  history  of  some  illness  with  a 
definite  inflammation  of  the  eye  before  the  change 
was  seen  in  the  pupil.  When  in  doubt  the  eye 
should  be  excised,  for  there  is  reason  to  think  that 
exceptionally  a  true  glioma  may  inflame  and  shrivel 
for  a  time,  and  the  nature  of  the  case  be  thus 
obscured  until  too  late,*  when  growth  has  again 
set  in. 

*  See  two  cases  in  point  by  Snell  and  Brailcy,  'Trans.  Opli. 
See.,'  iv,  49,  et  seq.  (1884). 
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Sarcoma  of  the  choroid  and  ciliary  body  is  a  growth 
ui"  lato  or  middle  life,  being  rarely  seen  below  the 
age  of  thirty-five.  The  majority  of  these  tumours 
ai-e  pigmented  (melanotic),  some  being  quite  black, 
others  mottled  or  streaked.  A  few  are  free  from 
pigment.  Some  arc  spindle-celled  or  mixed,  others 
composed  of  round  cells ;  some  are  truly  alveolar, 
but  ill  many  specimens  there  is  very  little  con- 
nective-tissue stroma,  and  no  very  defined  arrange- 
ment of  the  cells.  These  tumours  are  moderately 
firm  but  friable ;  some  are  very  vascular,  and 
ha)morrhiiges  often  occur  into  them.  The  tumour 
grows  from  a  broad  base,  and  usually  forms  a  well- 
defined  rounded  prominence,  pushing  the  retina 
Ijefore  it ;  blood  or  serous  fluid  is  effused  round  its 
base,  so  that  the  retinal  detachment  is  more  exten- 
sive than  the  tumour.  These  tumours  often  grow 
slowly  so  long  as  they  are  wholly  contained  within 
the  eye,  and  several  years  may  elapse  before  the 
growth  passes  out  of  the  eye  and  invades  the 
orbit.  Orbital  infection  does  not  usually  occur 
till  the  globe  is  filled  to  distension  by  the  growth  ; 
but  it  may  happen  much  earlier,  the  cells  travel- 
ling out  along  the  sheaths  of  the  perfoi'ating  blood- 
vessels and  producing  lai'ge  extraocular  growths, 
while  the  primary  intraocular  tumour  is  still  quite 
small.  The  lymphatic  glands  do  not  enlarge,  but 
thei'e  is  great  danger  of  secondary  growths  in 
distant  parts,  especially  in  the  liver,  a  risk  not  en- 
tirely absent  even  when  the  eye  tumour  is  small. 
Hence  early  removal  of  the  globe  is  of  the  utmost 
importance,  and  a  good,  though  not  too  confi- 
dent, prognosis  may  be  given  when  the  optic 
nerve  and  tissues  of  the  orbit  show  no  signs  of 
disease. 

■Metastatic  growths. — In  nearly  every  case  malig- 
nant tumour  of  the  choroid  is  primary,  but  it  is  im- 
portant to  know  that  growths  may  occur  here 
secondary  to  those  in  other  parts  of  the  body  ;  in 
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oue  case,  quoted  by  Manz,  both  eyes  were  affected, 
the  ong-inal  growth  being  cancer  of  the  breast. 

Symptoms  and  cotirse. — If  the  case  be  seeu  early, 
when  defect  of  sight  is  the  only  symptom,  the  tumour 
can  often  be  seen  and  recognised  by  its  well-defined 
rounded  outline,  some  folds  of  detached  retina  often 
being  visible  near  it ;  the  pupil,  cornea,  and  tension 
will  probably  be  na.tural.  When  the  tumour  ori- 
o^inates  in  the  central  region  the  sight  is  immediately 
affected,  and  the  patient  seeks  advice  very  early ; 
the  differential  diagnosis  then  lies  between  localised 
plastic  choroiditis  and  tumour.  In  tumour  there  is 
often  some  detachment  of  the  retina  at  or  near  the 
area  of  the  disease,  but  there  is  no  evidence  of  re- 
tinitis, and  no  patches  of  black  pigment  about  the 
swelling.  By  ophthalmoscopic  estimation  the  dis- 
eased area  is  foimd  to  be  more  or  less  raised.  An 
inflammatory  exudation  of  similar  size  commonly 
causes  haze  of  the  neighbouring  retina,  and  opacities 
in  the  vitreous ;  if  of  some  weeks'  duration,  part  of 
it  will  usually  have  become  absorbed,  leaving  exposed 
sclerotic  with  accumulations  of  pigment.  But  sooner 
or  later  the  tumour  in  its  growth  sets  up  symi)toms 
of  acute  or  subacute  glaucoma,  and  sometimes  iritis  ; 
subsecjuently  secondary  cataract  forms.  It  is  in  this 
glaucomatous  (second)  stage  that  relief  is  usually 
sought.  Unless  some  part  of  the  tumour  hapjien  to 
be  visible  outside  the  sclerotic,  or  project  into  the 
anterior  chambei',  a  positive  diagnosis  will  often  now 
be  impossible,  owing  to  the  opacity  of  the  media ; 
although  by  exclusion  we  may  often  arrive  at  great 
probability.  If  the  eye  be  left  alone,  or  iridectomy 
be  perfonned,  glaucomatous  attacks  and  pain  Avill 
I'ecur,  and  the  eye  will  enlai'ge  and  gradually  be  dis- 
organised by  the  increasing  growth,  which  will  then 
quickly  fill  the  orbit  and  fungate.  But  sometimes  a 
deceptive  period  of  quiet  follows  the  glaucomatous 
attack;  even  decided  shrinking  and  softening  of  the 
eye  may  occur  ;  but  the  growth  will  sooner  or  later 
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make  a  f  i-esh  start  and  become  apjiarent.  It  is  chiefly 
iu  very  old  patients  that  this  slow  course  is  noticed. 
Sarcoma  is  especially  likely  to  form  in  eyes  previously 
injured,  or  already  shrunken  from  disease. 

Thus  it  is  apparent  that  in  a  majority  of  cases  of 
choroidal  tumour  we  can  only  guess  at  the  truth. 
We  suspect  a  tumour  and  urge  excision  in  the  fol- 
lowing cases:  (1)  When  an  eye  that  has  been  for 
some  time  failing  or  blind  from  deep-seated  disease 
l^ecomes  painful,  congested,  and  glaucomatous  (there 
being  no  glaucoma  of  the  other  eye),  and  particu- 
larly if  there  be  secondary  cataract  (seej).  276).  (2) 
Similar  eyes  with  normal  or  diminished  tension  are 
best  excised  as  possibly  containing  tumour.  (3)  In 
extensive  detachment  of  retina  confined  to  one  eye, 
without  history  of  injury  or  evidence  of  myopia,  the 
patient  should  be  warned,  or  the  eye  excised,  accord- 
ing to  circumstances. 

In  all  cases  of  suspected  glioma  or  sarcoma  the 
eye  should  be  opened  at  once,  and  if  a  tumour  be 
found  the  cut  end  of  the  optic  nerve  of  the  excised 
eye  should  be  cai-efuUy  looked  at ;  if  this  be  pig- 
mented or  thickened,  another  piece  should  be  at  once 
removed,  and  the  orbit  searched  by  the  finger  for 
evidence  of  growth ;  the  surface  of  the  eye  should 
also  be  carefully  examined  for  external  growths. 
When  infection  of  the  nerve  or  orbit  is  susjjected 
the  orbit  should  be  cleared  out  and  chloride  of  zinc 
paste  applied  (as  at  p.  294). 

Tumours  of  the  iris  are  rare.  Melanotic  as  well  as 
unpigmented  sarcomata  are  occasionally  met  with.* 
The  definite  develoj)ment  of  melano-sarcoma  of  the 
iris  has  been  known  to  be  preceded  for  many  years 
by  an  apparently  innocent  pigmented  spot  on  the 
iris.  In  eyes  blind  and  degenerated  after  irido- 
cyclitis, the  uveal  pigment  may  increase  in  amount, 
and  creep  round  the  pupillary  border  to  the  anterior 

*  A  well-reported  ca.so,  with  numerous  references,  is  given 
by  Little,  in  '  Trans.  Ophth.  Soc.,'  vol.  iii,  1883. 
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surface  of  the  iris ;  these  areas  of  new  pigment  might 
be  mistaken  for  mehmotic  growths.  Sebaceous  or 
epitheHal  tumours  are  also  seen  ;  they  are  nearly 
always  the  i-esult  of  transplantation  of  ej^ithelium, 
or  of  a  hair,  into  the  iris  through  a  perforating 
wound  of  the  cornea. — In  rare  cases  cystic  tumours 
with  thin  walls  are  formed  between  the  layers,  or 
connected  with  the  posterior  surface  of  the  iris,  par- 
ticularly in  eyes  which  have  been  operated  on  or 
otherwise  injured. 

Diffuse  sarcoma  of  iris. — Sarcoma  of  the  iris  may 
be  white  or  pigmented  :  it  usually  takes  the  form  of 
a  single  large  prominent  growth.  A  melanotic 
tumour  of  the  iris  has  been  seen  to  develop  from 
what  appeared  to  be  a  natural  pigment  spot.  I 
have  twice  seen  a  sarcoma  of  the  ins  take  the  form 
of  a  diffused  thickening,  with  a  mottled  or  tortoise- 
shell  aspect;  such  a  diffuse  form  is  more  difficult  to 
diagnose,  and  probably  more  dangerous,  if  left  alone, 
than  a  definite  tumour. 

Cases  of  disease  of  the  iris  are  seen  from  time  to 
time,  the  special  feature  of  which  is  the  j^i'esence  of 
one  or  moi'e  nodular  growths,  usually  of  small  size  ; 
iritis  is  generally  present.  It  is  often  impossible  to 
determine  the  nature  of  the  growth  until  the  case 
has  been  watched,  or  microscopical  examination  or 
inoculation  experiments  have  been  made.  These 
cases,  which  have  often  been  described  as  granuloma 
of  the  iris,  are  certainly  sometimes  tubercle,  some- 
times chi'onic  gummata,  sometimes  part  of  a  severe 
so-called  serous  iritis,  and  sometimes  the  nature  of 
the  growth  is  doubtful.  Inoculation  of  lupous  ma- 
terial into  the  anterior  chamber  of  rabbits  has 
repeatedly  been  followed  by  the  formation  of  mul- 
tiple nodules,  similar  in  appearance  to  those  in  some 
of  these  cases,  and  some  of  the  growths  in  human 
cases  have  given  the  microscopical  reactions  of  true 
tubercle.  The  disease  is  probably  tubercular  when 
the  gi-owths  are  multiple,  non-vascular,  and  grey, 
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especially  when  accompanied  by  enlarged  glands  in 
the  patient,  or  a  family  history  of  tubercle. 

Large  masses  of  confluent  tubercle  occasionally 
form  in  the  choroid  or  other  parts  of  the  uveal  tract, 
leading  to  disorganization  of  the  eye,  with  mixed 
symptoms  of  intraocular  growth  and  inflammation. 
As  it  is  probable  that  this  ocular  tubercle  may  be  a 
source  of  general  tuberculosis,  excision  of  the  eye  is 
the  best  course  in  any  doubtful  case,  where  it  is  clear 
tha,t  the  eye  is  lost. 

The  cornea  is  much  less  liable  to  tubercular  in- 
hltration  than  the  iris,  but  small  growths  have  been 
observed  in  it,  both  as  the  result  of  inoculation,  and 
in  the  course  of  spontaneous  tubei'cle  of  the  iris. 

C.  Tumours  of  the  Orbit,  see  Chap.  XIX. 
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'  CHAPTEE  XIX 

INJURIES,  DISEASES,  AND  TUMOUES  OP  THE  ORBIT 

(1.)  Contusion  and  concussion  injuries. —  Bruising 
of  the  eyelids  from  direct  blows  ("  black  eye  ")  may 
usually  with  care  be  distinguished  from  the  deeper 
extravasation  following  fracture  of  the  walls  of  the 
orbit.  In  ordinary  "  black  eye "  the  ecchymosis 
comes  very  quickly  and  remains  superficial,  and,  if  it 
affect  either  the  palj^ebral  or  ocular  conjunctiva,  does 
not  pass  far  back.  The  ecchymosis  following  frac- 
ture of  the  orbital  plate  of  the  frontal  bone  comes 
more  gradually,  is  dee^i-seated,  often  entirely  beneath, 
rather  than  in,  the  skin  and  conjunctiva,  diminishes 
in  density  towards  the  front  and  borders  of  the  lids, 
and  when  considerable,  causes  pi'optosis.  But  if  a 
fracture  involve  the  rim  of  the  orbit,  the  above 
characters  are  likely  to  be  mixed  and  therefore  mis- 
leading. Wasting  of  the  adipose  tissue  of  the  orbit, 
and  consequent  sinking  back  of  the  eye,  sometimes 
follow  severe  blows,  with  much  extravasation  of 
blood. 

Fracture  of  the  inner  wall  of  the  orbit  into  the 
nose,  the  sinuses  opening  into  it,  or  the  nasal  duct, 
is  often  followed  by  emphysema  of  the  orbital  cellular 
tissue.  This  can  occur  only  when  the  mucous  mem- 
brane is  torn.  The  emphysema  comes  on  quickly 
from  "  blowing  the  nose,"  and  is  shown  by  a  soft, 
whitish,  doughy  swelling  of  the  lids,  which  crepitates 
finely  under  the  finger  ;  the  globe  is  more  or  less 
■protruded  and  its  movements  limited.  The  em- 
physema disappears  iu  a  few  days  if  the  lids  In;  Kept 
bandaged.    These  fractures  are  usually  caused  l)y 
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blows  over  the  inner  angle  of  tlie  orbit,  but  occa- 
sionally by  blows  on  the  malar  region. 

Partial  ptosis  is  an  occasional  result  of  blows 
upon  the  upper  lid.  It  is  generally  accompanied  by 
paralysis  of  accommodation  and  dilatation  of  the 
pupil,  and  it  seldom  lasts  more  than  a  few  weeks.  — 
Ocular  paralysis  following  injury  to  bead  (see  Chap. 
XXI). 

(2.)  Orbital  abscess  and  orbital  cellulitis  may  follow 
injuries,  but  are  often  of  apparently  spontaneous 
origin.  Cellulitis  may  spread  to  the  orbit  from  the 
face  in  erysipelas,  from  the  throat  in  severe  tonsil- 
litis, or  from  the  socket  of  an  inflamed  tooth. — 
Diffused  acute  inflammation  of  the  cellular  tissue  is 
difficult  to  distinguish  from  acute  orbital  abscess, 
since  in  both  there  are  the  signs  of  deep  inflamma- 
tion, Avith  displacement  of  the  eye  and  limitation  of 
its  movements,  chemosis  of  the  conjunctiva,  and 
brawny  s\yelling  and  redness  of  the  lids.  An  acute 
abscess  soon  points  between  the  globe  and  some  part 
of  the  rim  of  the  orbit,  but  even  in  cellulitis  the 
swelling  may  be  greater  at  some  one  j^art,  and  give 
rise  to  a  feeling  deceptively  like  fluctuation. 

Orbital  abscess  may  be  so  chronic  as  to  simulate  a 
solid  tnniour  until  the  pus  nears  the  surface ;  even 
then  an  exploratory  incision  may  be  needed  to  set 
the  question  at  rest.  Abscess  of  the  orbit,  Avhether 
acute  or  chronic,  is  very  often  the  result  of  periostitis, 
and  a  large  surface  of  bare  bone  is  often  found  with 
the  probe. 

In  acute  cases,  as  soon  as  fluctuation  is  certain, 
an  incision  is  to  be  made  with  a  narrow,  straight 
knife,  generally  through  the  skin,  or,  if  practic- 
able, through  the  conjunctiva.  As  the  pus  is  often 
curdy,  it  is  best  not  to  use  a  grooved  needle.  Chronic 
cases  of  doubtful  nature  may  be  watched  for  a  time. 
It  may  be  necessary  to  go  deeply  into  the  orbit, 
either  with  the  knife,  probe,  or  dressing  forceps, 
before  matter  is  reached.    A  drainage-tube  should 
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be  inserted  if  the  abscess  be  deep.  The  proptosis 
does  not  always  disappeai-  when  the  abscess  is  ojDcned, 
for,  in  addition  to  haemorrhage  caused  by  the  opera- 
tion, there  may  be  much  thickening  of  the  tissues. 
Sight  may  be  injured  or  lost  by  stretching  of,  or 
I^ressure  on,  the  optic  nerve,  and  the  cornea  may  lose 
sensation,  and  ulcerate,  from  damage  to  the  ciliary 
nerves  behind  the  globe. 

Thrombosis  of  the  cavernous  sinus,  which  may 
result  from  several  causes,  produces  local  symptoms 
which  it  is  difficidt,  often  impossible,  to  distinguish 
from  those  of  cellulitis  beginning  in  or  limited  to  the 
orbit.  The  thrombosis,  however,  often  spreads  to  the 
other  cavernous  sinus,  and  the  other  oi'bit ;  and  in 
any  case  it  produces  the  gravest  head  symptoms 
which,  as  a  rule,  end  fatally  in  a  short  time.*  Cases 
taking  this  course  are  not  ophthalmic. 

The  lacrimal  gland  is  but  seldom  the  seat  of  inflam- 
mation or  abscess.  In  chronic  cases  the  enlarged  gland 
is  distinctly  felt  projecting,  and  can  generally  be 
recognised  by  its  well-defined  and  lobulated  border; 
but  the  enlargement  cannot  always  be  distinguished 
from  that  caused  by  a  morbid  growth  in  the  gland, 
or  corresponding  part  of  the  orbit.  In  acute  inflam- 
mation there  are  the  usual  signs,  local  heat,  tender- 
ness, and  pain,  with  swelling,  which  may  obscure  the 
boundaries  of  the  gland.  If  the  enlargement  be 
great,  the  eyeball  is  displaced,  and  the  oculo-palpebral 
fold  of  the  conjunctiva  in  front  of  the  gland  is 
pushed  downwards,  and2:»rojects  more  or  less  between 
the  lid  and  the  eye. —  When  an  abscess  forms,  it 
usually  points  to  the  skin,  and  should  seldom  be 
opened  from  the  conjunctival  surface.  If  it  be 
allowed  to  burst  spontaneously  through  the  skin,  a 
troublesome  fistula  may  follow. — A  little  abscess 
sometimes  forms  in  one  of  the  separate  anterior 

*  An  able  paper  on  this  little-known  subject  has  been  com- 
niunicatetl  to  the  Ophthalmological  Society  by  Dr  Sidney  Coup- 
land  (Oct.,  18S6). 
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lobules  of  the  glaud.  There  is  limited  swelling  aud 
tenderness  of  the  lid  at  the  upper-outer  angle,  not 
|)assing  back  l)enoath  the  orbital  rim.  The  abscess 
points  through  the  conjunctiva,  al)ove  the  outer  end 
of  the  tarsal  cartilage,  and  is  thus  distinguished 
from  a  supipurating  Meibomian  cjst. 

(3.)  Wounds. — Wounds  of  the  eyelids  need  no 
sjiecial  treatment,  beyond  very  careful  apposition  by 
sutures,  sometimes  with  a  small  liarelip  pin,  so  as  to 
secure  primary  and  accurate  union.  Lacerated 
wounds  of  the  ocular  conjunctiva,  if  extensive,  need 
a  few  fine  sutures,  and  they  seldom  lead  to  any 
deformity.  When  a  rectus  tendon  has  been  torn 
through  I  have  never  succeeded  in  getting  the  ends 
to  unite. 

Fenetratincj  wounds  through  the  lids  or  conjunctiva, 
which  pass  deeply  into  the  orljit,  may  be  much  more 
serious  than  they  appear  at  first  sight,  since  the 
wounding  body  may  have  caused  fracture  of  the 
orbit,  and  damage  to  the  brain-membranes,  or  a 
l^iece  of  the  wounding  instrument  may  have  been 
broken  off  and  lie  embedded  in  the  roomy  cavity  of 
the  orbit,  without  at  first  exciting  disturbance  or 
causing  displacement  of  the  eye.  Some  extra- 
ordinary cases  are  on  record.*  in  which  very  large 
foreign  bodies  have  lain  in  the  orbit  for  a  long  time 
undetected.  The  optic  nerve  is  occasionally  toi'n 
across  without  damage  to  the  globe.  Every  wound 
of  the  eyelids  or  conjunctiva  should,  therefore,  be 
carefully  explored  with  the  probe,  and,  whenever 
possible,  the  instrument  which  caused  the  wound 
should  be  examined. 

When  a  foreign  body  is  suspected  or  known  to  be 
firmly  embedded,  and  is  not  removable  through  the 
original  wound,  it  is  generally  best  to  divide  the 
outer  canthus,  and  j^rolong  the  incision  into  the  con- 
junctiva; in  some  cases  an  incision  through  the 
skin  over  the  margin  of  the  orbit,  at  the  situation 
*  111  Mr  Lawson's  well-kuowii  treatise  and  elsewhere. 
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of  the  foreign  body,  will  be  preferable.  Single  shot, 
corns,  embedded  and  causing  no  symptoms,  should 
not  be  interfered  with  imless  they  can  be  easily 
reached. 

Wounds  of  the  orbit,  by  gunshot  or  other  explo- 
sives, when  extensive  and  caused  by  numerous  shots 
or  fragments  of  sand,  gravel,  &c.,  driven  into  the 
tissues,  are  of  course  serious,  particularly  if  the 
eyeball  itself  be  injured.  Such  injuries  may  cause 
tetanus. 

TUMOURS  OF  THE  ORBIT 

A  tumour  of  any  notable  size  in  the  orbit  always 
causes  protrusion  of  the  eye  (jiroptosis),  with  or 
without  lateral  displacement  and  limitation  of  its 
movement.  As  a  rule  there  are  no  inflammatory 
symptoms.  An  exact  diagnosis  of  the  seat,  attach- 
ments and  nature  of  an  orbital  tumour  is,  of  course, 
often  imjiossible  before  operating;  and  it  may  be 
further  observed  that  there  has  occasionally  been 
great  difficulty  in  deciding  whether  the  symptoms 
pointed  to  a  tumour,  or  to  some  form  of  chronic 
hypertrophy  of  cellular  tissue  or  quiet  gummatous 
inflammation. 

A  tumour  in  the  orbit  may  originate  in  some  of 
the  loose  orbital  tissues,  in  the  lacrimal  gland,  in 
the  periosteum,  upon  or  within  the  eyeball,  or  from 
the  optic  nerve ;  or  it  may  have  encroached  upon  the 
orbit  from  one  of  the  neighbouring  cavities.  Fluc- 
tuating tumours  in  the  orbit  may  be  cystic  or  ill- 
defined,  and  may  or  may  not  pulsate.  Solid  tumours 
in  the  orbit  may  be  movable,  or  be  fixed  by  broad 
attachments  to  the  wall  of  the  cavity.  Sight  is  often 
damaged  or  destroyed  in  the  corresponding  eye  by 
compression  or  infiltration  of  the  optic  nerve. 

(1.)  Distension  of  the  frontal  sinus  by  retained 
mucus  causes  a  well-marked,  fixed,  usually  very 
chronic  swelling,  not  adhereut  to  the  skin,  at  the 
upper-inner  angle  of  the  orbit  above  the  tenclo  oculi 
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Hard  at  first,  it  fluctuates  wlien  the  bony  wall  has 
been  absorbed.  Its  course  is  usually  slow,  but  acute 
suppuration  may  supervene,  and  the  swelling  be 
mistaken  for  a  lacrimal  abscess  (p.  76).  There  is 
generally  a  remote  history  of  injury.  The  aim  of 
treatment  is  to  re-establish  the  opening,  closed  pro- 
bably as  the  result  of  fracture,  between  the  floor  of 
the  sinus  and  the  nose.  The  most  prominent  part 
of  the  swelling  is  freely  opened ;  a  finger  is  then 
passed  up  the  nostril  and  the  floor  of  the  sinus  per- 
forated on  the  finger  by  a  scissor  or  trocar  passed 
fro)n  above  through  the  incision.  A  seton  or  drain- 
age-tube is  then  passed  through  the  hole,  brought  out 
at  the  nostril,  and  must  be  worn  for  several  weeks  or 
months. 

(2.)  Pedunculated  ivory  exostoses  sometimes  grow 
from  the  walls  of  the  same  sinus  or  its  neighbour- 
hood ;  beginning  early  in  life  they  increase  very 
slowly,  cause  absori3tion  of  their  containing  walls,, 
and  often  in  the  end  undergo  spontaneous  necrosis- 
and  fall  out.  Their  removal  while  still  fixed  is  very 
difficult  and  dangei'ous,  owing  to  the  proximity  of 
the  dura  mater. 

(3.)  Tumours  encroaching  on  one  or  both  orbits 
from  the  base  of  the  skull,  the  antrum,  the  nasal 
cavity,  or  the  temporal  fossa,  generally  admit  of 
correct  diagnosis. 

The  suspicion  of  tumour  on  the  inner  or  lower 
wall  of  the  orbit  should  always  lead  to  an  examina- 
tion of  the  palate,  pharynx,  and  teeth,  of  the  per- 
meabilitv  of  each  nostril,  of  the  functions  of  the- 
cranial  nerves,  of  the  state  of  the  glands  behind  the 
jaw  on  both  sides,  and  to  an  inquiry  as  to  epistaxis 
or  discharge  from  the  nose. 

(4.)  Pulsating  tumours  of  the  orbit  and  cases  of 
proptosis  with  ptdsation  are  in  most  cases  due  to 
arterio-venous  intercommunication  in  the  cavernous 
sinus,  in  consequence  of  which  the  ophthalmic  vein 
and  its  branches  become  greatly  distended  with 
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partially  arterialised  blood.  In  a  large  proportion 
the  symptoms  follow  rather  gradually  after  a  severe 
injury  to  the  head.  In  others  they  come  on  sud- 
denly with  pain  and  noises  in  the  head,  without 
apparent  cause,  and  these  idiopathic  cases  are  usually 
in  senile  persons.  In  several  examples  of  both  forms  a 
communication  has  been  fouud,  post  mortem,  between 
the  internal  carotid  artery  and  the  cavernous  sinus, 
the  result  of  wound  from  fi-acture  of  the  base  of  the 
skull  in  the  traumatic  cases,  and  of  rupture  of  an 
aneurysm  in  the  idiopathic  ones.  The  typical  symp- 
toms are  proptosis,  with  chemosis,  pulsation  of  the 
eyeball,  paralysis  of  orbital  nerves,  a  soft  pulsating 
tumour  under  the  inner  part  of  the  orbital  arch,  and 
a  bruit.  A  bruit  with  proptosis  and  conjunctival 
swelling  may  be  present,  without  demonstrable 
tumour  or  pulsation.  Ligature  of  the  common 
carotid  has  been  practised  with  good  results  in  a 
large  number  of  cases ;  subsecjuent  excision  of  the 
eye  and  evisceration  of  the  orbit  for  a  dangerous 
return  of  symptoms  in  one  or  two.  An  unruptured 
aneurysm  of  the  internal  carotid  does  not  cause  the 
symptoms  just  described.  Aneurysm  of  the  intra- 
orbital arteries  and  ai'terio-venous  communications 
in  the  orbit,  if  they  occur,  are  excessively  rare. — 
Erectile  tumours,  well-defined  and  separable,  but  not 
causing  decided  pulsation,  are  sometimes  met  with  in 
the  orbit,  and  can  be  dissected  out. 

(5.)  A  fluctuating  tumour  which  does  not  pul- 
sate, is  not  inflamed,  and  not  connected  with  the 
frontal  sinus,  may  be  a  chronic  orbital  abscess  (p. 
"288),  a  hydatid,  or  a  cyst  containing  bloody  or 
other  fluid  and  of  uncertain  origin.  An  exploratory 
])uncture  should  be  made  after  sufficiently  watching 
the  case,  and  the  further  treatment  must  be  condi- 
tional. Perfectly  clear,  thin  fluid  proljably  indicates 
a  hydatid,  and  in  this  case  the  swelling  is  likely  to 
return  after  a  puncture,  and  the  cyst  will  need  removal 
through  a  free  opening.    The  echinococcus  hydatid 


294 


TUMOTTRS  OP  ORBIT 


Chap. 


often  contains  clau<^hter-cysts,  some  of  which  escape 
puncture.  Sup]>uration  may  take  place  around  any 
species  of  hyd;itid. 

(6.)  Examination  leads  to  the  diagnosis  of  a  solid 
tamonv  limited  to  the  orbif.  We  must  try  to  deter- 
mine whether  the  growth  began  in  the  eyeball  or 
optic  nerve,  or  in  some  of  the  surrounding  tissues. 
We  therefore  examine  the  globe  for  symptoms  of  in- 
traocular tumour  (p.  280). 

Solid  growths  independent  of  the  eyeball  may  arise 
as  follows: — (a)  From  the  ^jei-iosiewm ;  these  are 
firmly  attaclied  by  a  broad  base,  are  geiaerally 
malignant,  and  seldom  admit  of  successful  removal. 
(6)  The  lacrimal  <jland  (com pare  p  289)  may  be  the 
seat  of  various  morbid  growths,  including  carcinoma; 
a  great  part  of  the  growth  is  in  the  position  of  the 
gland,  and  can  be  explored  by  the  finger.  Although 
such  a  growth  is  often  attached  firmly  to  the  orbital 
wall,  its  position,  iobulated  outline,  and  well-defined 
boundary  will  often  lead  to  a  correct  diagnosis. 
Tumours  of  the  lacrimal  gland  should  always  be 
removed  if  they  are  increasing,  for  we  can  never 
feel  sure  that  they  ai-e  innocent,  (c)  Solid  tumours 
originating  in  some  of  the  softer  orbital  tissues, 
especially  the  form  known  as  cylindroma,  or  plexi- 
form  sarcoma,  occur  more  rarely,  {d)  Tumours  of 
the  oj^tic  nerve,  usually  myxomatous,  occur,  though 
rarely  ;*  they  generally  cause  neui'o-retinitis  and 
blindness,  but  no  absolutely  pathognomonic  symp- 
toms ;  they  may  sometimes  be  extirpated  without 
removing  the  globe. 

When  an  orbital  tumour  is  found  during  operation 
to  be  adherent  to  bone  or  to  infiltrate  the  soft  parts, 
chloride  of  zinc  paste  (F.  21)  should  be  applied  on 
strips  of  lint,  either  at  once,  or  the  next  day  when 
oozing  has  ceased.  If  the  periosteum  be  affected  it  is 
to  be  stripped  oif,  and  the  paste  applied  to  the  bare 

*  For  references  see  Kuapp's  '  Archives  of  Ophthalmology,' 
xii,  292. 
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bone.  Hsemorrliage  from  the  dei^tb  of  the  orbit  can 
always  be  controlled  by  perchloride  of  iron  and  a 
firm,  graduated  compress. 

In  every  case  of  suspected  primary  orbital  tumour 
the  cjuestion  of  syphilis  must  be  carefully  gone  into  ; 
although  neither  periosteal  nor  cellular  nodes  are 
common  in  the  orbit,  both  are  known  to  occur  and 
to  disajtpear  under  proper  treatment. 

Ncevus  may  occur  on  the  eyelids,  and  in  the  orbit, 
and  implicate  the  conjunctiva,  both  of  the  lids,  and 
eyeball.  Deejj  nsevi  may  degenerate,  and  become 
partly  cystic.  Some  cases  of  naevus  of  the  face  are 
associated  with  nsevus  of  the  choroid ;  in  such,  the 
eves  are  y-enerallv  very  defective. 

Dermoid  tumours  {cystic)  are  not  uncommon  at  the 
outer  end  of  the  eyebrow ;  more  rarely  they  occur 
near  the  inner  canthus.  Lyiug  deeply,  beneath  the 
orbicularis,  they^  are  not  acllierent  to  the  skin,  like 
sebaceous  cysts;  the  subjacent  bone  is  sometimes 
hollow^ed  out.  They  often  grow  faster  than  the  sur- 
rounding parts,  and  should  then  be  extirj^ated,  the 
thin  cyst  Avail  being  carefully  and  comp)letely  re- 
moved tlirough  an  incision  parallel  Avith,  and  situated 
in,  the  eyebroAv.  They  usually  contain  sebaceous 
matter  and  short  hairs;  occasionally,  clear  oil. 
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CHAPTER  XX 

ERRORS  OF  REFRACTION  AND  ACCOMMODATION 

As  stated  at  p.  12,  §  19,  Avhen  the  leugth  of  the 
eye  is  normal,  and  the  accommodation  relaxed,  only 
parallel  rays  are  focussed  ou  the  retina,  and,  con- 
versely, pencils  of  rays  emerging  from  the  retina  are 
parallel  on  leaving  the  eye  (Fig.  102,  and  p.  5,  §§  11 


Fig.  102.- — Pencils  of  parallel  rays  entering,  or  emerging  from 
an  emmetropic  eye. 


and  12),  and  this,  the  condition  of  the  normal  eye  in 
distant  vision,  is  called  emmetropia  (E.).  All  per- 
manent departures  from  the  condition  in  which,  with 
relaxed  accommodation,  the  retina  lies  at  the  prin- 
cipal focus,  are  known  collectively  as  ametropia. 
In  E.  rays  from  any  near  object,  e.  g.  divergent 


m 

Fia.  103. —  Emmetropia.  —  Distant  objects  (parallel  rays) 
focussed  on  retina;  near  objects  (divergent  rays)  focussed 
beliind  retina. 
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rays  from  Oh.  Fig.  103,  are  focussed  behind  the  retina 
at  CF,  every  conjugate  focus  being  beyond  the 
principal  focus  (p.  6,  §  13).  Eeaching  the  retina 
befoi-e  focussing,  such  rays  will  form  a  blurred  image, 
and  the  object  Ob  will  therefore  be  seen  dimly.  But 
by  using  accommodation  the  convexity  of  the  crystal- 
line lens  can  be  increased  and  its  focal  length  short- 
ened, so  as  to  make  the  conjugate  focus  of  Oh  coincide 
exactly  with  the  retina  (cf,  Fig.  104).    Under  this 


Fig.  10-i. — Eye  during  accommodation. — Near  objects  (diver- 
gent raj's)  focussed  on  retina ;  distant  objects  (parallel 
rays)  focussed  in  front  of  retina.  The  dotted  line  in  front 
of  the  lens  shows  its  increase  of  convexity. 


condition  the  object  Oh  will  be  clearly  seen,  whilst 
the  focus  of  a  distant  object,  which  in  Fig.  103  was 
formed  on  the  retina,  will  now  lie  in  front  of  it  (f. 
Fig.  104),  and  the  distant  object  will  appear  in- 
distinct. The  nearest  point  of  distinct  vision  (jj) 
and  the  farthest  (?•)  have  been  defined  at  p.  25. 

MYOPIA  (M.) 

In  Fig,  103,  if  the  retina  were  at  cf  instead  of  at 
F,  a  clear  image  would  be  formed  of  an  object  at  Oh, 
without  any  effort  of  accommodation,  whilst  objects 
farther  off  would  be  focussed  in  front  of  the  retina. 
This  state,  in  which  the  posterior  part  of  the  eyeball 
is  too  long,  so  that,  with  the  accommodation  at  rest, 
the  retina  lies  at  the  conjugate  focus  of  an  object  at 
a  comparatively  small  distance,  is  called  Short  sight 
or  Myopia  (M.)  {Axial  Myopia). 
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In  fig.  105  the  imior  line  at  k  is  the  retina,  and  f 
the  principal  focus  of  the  lens-system,  i.  e.  the  posi- 
tion of  the  retina  in  the  uornial  eye.  Rays  emerg- 
ing from  R  will,  on  leaving  the  eye,  be  convergent, 
and,  meeting  at  the  conjugate  focus  r',  will  form  a 


Fig.  105. —Myopia. —  Kutiiia  beyond  principal  focus,  liunce  only 
near  objects  (divergent  niys)  t'ocussed  on  retina. 


clear  image  in  the  air.  Conversely,  an  object  at  r' 
will  form  a  clear  image  on  the  retina  (r)  {compare 
Figs.  10  and  12).  The  image  of  every  object  at 
a  greater  distance  than  r'  will  be  formed  more  or 
less  in  front  of  r,  and  every  such  object  must, 
therefore,  be  seen  indistinctly.  But  objects  nearer 
than  r'  will  be  seen  clearly  by  exerting  accom- 
modation, just  as  in  the  normal  eye  (Figs.  103  and 
104). 

In  M.  the  indistinctness  of  objects  beyond  the  far 
point  (r)  is  lessened  by  partially  closing  the  eyelids. 
This  habit  is  often  noticed  in  sbort-sighted  people 
who  do  not  wear  glasses,  and  from  it  the  word  myopia 
is  derived. 

The  distance  of  r  (r',  Fig.  105)  from  the  eye  will 
depend  on  the  distance  of  its  conjugate  focus  r,  i.  e. 
upon  the  amount  of  elongation  of  the  eye.  The 
greater  the  distance  of  r  beyond  f,  the  less  will  be 
the  distance  of  its  conjugate  focus  r'  (  =  r)  ;  in 
other  words,  the  higher  will  be  the  M.,  and  the  more 
indistinct  will  distant  objects  be.  If  the  elongation 
of  the  eye  be  very  slight,  r  nearly  coinciding  with  r, 
r'  (=  r)  will  be  at  a  much  greater  distance  {compare 
p.  7,  §  16),  and  distant  objects  will  be  less  indistinct. 
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As  the  retinal  images  formed  in  a  myoj^ic  eye  are 
larger  than  normal  (p.  13),  myopic  persons  can 
distinguish  smaller  objects  at  the  same  distance  than 
those  with  normal  eyes. 

Symptoms  of  M. — In  low  degrees  the  patient's 
complaint  is  that  he  cannot  see  distant  objects 
clearly  ;  in  moderate  and  high  degrees  it  is  rather 
that  he  can  see  distinctly  only  when  things  are  held 
very  close,  for  objects  a  few  feet  off  are  so  indistinct 
that  many  such  persons  neglect  them.  Adults  often 
tell  us  that  their  distant  sight  was  good  till  about 
eight  or  ten  years  of  age,  that  it  then  began  to 
shorten,  and  that  the  defect  after  increasing  for 
several  years  at  length  became  stationary. 

In  high  degrees  of  M.  the  j^atient  is  aj^t  to  com- 
l^lain  of  special  difficulty  in  seeing  at  night,  j^robably 
because  :  (1)  the  mobility  of  the  eye  being  below' 
normal,  the  field  of  fixation  (j).  32)  is  diminished, 
and  (2)  the  elongation  of  the  eye  by  altering  the 
position  of  the  retina  leads  to  some  narrowing  of 
the  field  of  indirect  vision  (p.  20).* 

In  many  cases,  no  other  complaint  is  made  ;  but 
in  a  certain  number  complications  are  present.  There 
is  often  intolerance  of  light,  an  additional  cause  for 
the  half-closed  lids  and  frowning  expression  so  often 
noticed.  Aching  of  the  eyes  is  a  very  common  and 
troublesome  .symptom,  and  is  especially  frequent  if 
the  M.  is  increasing;  it  is  often  brought  on,  and 
always  made  worse,  by  over  use  of  the  eyes,  but 
sometimes  it  is  very  troublesome  when  c^uite  at  rest, 
and  even  in  bed  at  night.  One  or  both  internal 
recti  often  act  defectively,  so  that  convergence  ot 
the  optic  axes  for  near  vision  becomes  difficult, 
painful,  or  impossible,  and  various  degrees  of  diver- 
gent strabismus  result ;  this  occurs  oftenest,  but  bv 
no  means  only,  in  the  higher  degrees  of  M.  where  V 
is  so  near  that  binocular  vision  involves  a  strousj  effort 

•  Wfc-ker  and  Landolt,  '  Triiite,'  T.  1,  i,  ]>.  595.  Laiidolt- 
'  Kefi-iiction  and  Afconnnodation  of  tlie  E^e,'  \).  425. 
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of  convergence.  When  this  "  muscular  asthenopia," 
or  "  insufficiency  of  the  internal  recti,"  is  slighter 
intermittent  it  causes  indistinctness,  or  "  dancing" 
of  the  print,  a.nd  somctiines  actual  diplojiia,  besides 
the  other  discomforts  above  mentioned ;  but  diplopia 
is  seldom  present  when  a  constant  divergent  squint 
has  been  established. 

This  tendency  to  divergence  in  M.  is  also  partly  due  to  the 
natural  association  between  relaxation  of  the  ciliary  muscles  and 
of  the  internal  recti, — the  converse  of  convergent  squint  in  H. 

The  lower  degrees  of  M. are  sometimes  accompanied 
by  involuntary  contraction  of  the  ciliary  muscle 
("  spasm  of  accommodation")  by  which  M.  is  tem- 
porarily increased  ;  and  the  habitual  approximation 
of  objects  which  thus  becomes  necessary,  is  one  cause 
of  still  further  elongation  of  the  eye  and  increase  of 
the  structural  M.  Floating  specks  (muscce  volitantes, 
|).  247)  are  especially  common  and  troublesome  in 
myopia. 

Objective  signs  and  comijlications. — In  high  degrees 
of  M.  the  sclerotic  is  enlarged  in  all  directions  (Fig. 
106)  ;   the  eye  being  too  large   often   looks  too 

prominent  and  its  move- 
ments ai'e  somewhat  im- 
peded. But  apparent  pro- 
minence of  the  eye  may 
depend  on  many  other 
causes  (j).  38,  14). 

The  existence  of  M.  is 
made  certain  by  the  oph- 
thalmoscope in  four  dif- 

n  ■,r^t>  c  r  1-  11  ferent  wavs.  —  (1)  By 
Fig.  lOfi. — Section  of  a  highly  ^        "    •  i.- 

myopic  eyeball.  The  retina  t^^'ect  examination,  the 
has  been  removed.  image     of     the  fundus 

formed  in  the  air  (Fig. 
105)  is  clearly  visible  to  the  observer,  if  he  be 
not  nearer  to  it  than  his  own  near  point.  The 
image  is  inverted  and  magnified,  the  enlargement 
beiiig  greater  the  further  it  is  formed  from  the 
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patient's  eye,  i.  e.  tlie  lower  the  M.  (p.  9,  §  17).  For 
very  low  degrees  this  test  is  not  easy  to  use,  because 
of  the  great  distance  (3'  or  4'  e.  g.)  that  must  inter- 
vene between  observer  and  patient ;  but  it  is  easily 
applied  if  the  image  be  not  more  than  2'  in  front  of 
the  patient  (p.  53,  2). 

(2.)  By  indirect  examination  the  disc  in  M.  ap- 
pears smaller  than  usual.  If  now  the  object  lens 
be  gi-adually  withdrawn  from  the  patient's  eye,  the 
disc  will  seem  to  grow  larger.  This  appearance, 
which  depends  on  a  real  increase  in  the  size  of  the 
aerial  image,  is  less  evident  the  lower  the  M.  (Fig. 
109,  C). 

(3.)  By  direct  examination  no  clear  view  of  the 
fundus  is  obtained  if  the  distance  between  patient 
and  observer  be  less  than  that  between  patient  and 
inverted  aerial  image  (Figs.  32  and  105  b')  ;  and  as 
r'  is  in  front  of  the  myopic  eye,  the  image  will 
always  be  invisible  if  the  observer  go  close  to  the 
patient.  Hence,  if  on  going  close  to  the  patient  the 
observer  cannot,  either  by  relaxing  or  using  his  ac- 
commodation (see  13.  54],  see  any  details  of  the 
fundus  clearly,  the  patient  is  myopic  (opacities  of 
the  media  being,  of  course, 
excluded).  This  test  is  applic- 
able to  all  degrees  of  M., 
accommodation  being  com- 
pletely relaxed. 

(4.)  By  retinoscopy  with  con- 
cave mirror  (p.  58),  the  sha- 
dow obtained  on  rotating  the 
mirror  moves  in  the  direction 
of  rotation.  The  tests  (1),  (2), 
and  (4)  are,  on  the  whole,  most  Fig.  108.— Myopic  cres- 
generall  V  useful  for  beginners.       cent  or  small  posterior 

In  a 'large    proportion   of     staphyloma.  (Wecker 
cases,  the   elongation  of  the     ^"^^  J'^^S*^'"-) 
eye  causes  atrophy  of  the  choroid  on  the  side  of 
the  optic  disc  next  to  the  y.  s.  (the  apparent  inner 
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Description  of  Fig.  109,  whicli  shows  tlie  effect  on  tlie  size 
of  the  inverted  image  caused  hy  withdrawing  the  objective  lens 
from  the  eye,  in  the  indirect  ophthahnoscopic  examination. 

Fig.  a  shows  that  in  emmetropia  the  image  remains  of  the 
same  size  on  withdrawal  of  the  lens.  Oh  is  tlie  retina  lying  at 
the  principal  focus  of  the  dioptric  media  of  the  eye,  represented 
by  L ;  Z  and  V  show  the  objective  lens  at  different  distances 
from  the  eye ;  Im  and  Im'  the  ophthalmoscopic  images  formed 
in  each  case. — Rays  from  any  point  on  Oh  emerge  from  L 
parallel,  and  are  united  hy  I  at  the  point  Im  (the  principal 
focus  of  I  for  the  rays  indicated)  on  the  secondary  axis  1  which 
forms  with  the  principal  axis  the  angle  a.  If  I  be  removed  to 
V  it  will  still  intercept  some  of  the  same  bundle  of  parallel  rays, 
and  these  will  be  united  iu  Im',  at  the  same  distance  as  before, 
on  the  secondary  axis  2  which  forms  witli  the  principal  axis  the 
angle  J  =  the  angle  a.  The  relative  sizes  of  Im  and  Im'  depend 
on  (1)  their  respective  distances  d  aud  d'  from  the  lens,  and 
(2)  on  the  size  of  the  angles  a  and  h.  As  in  the  j)resent  case 
d  =  d  and  a  =  h,  Im  must  =  Jw'. 

Fig.  b  shows  the  diminution  of  the  image  in  hypermetropia. 
The  lettering  is  as  before,  but  f  is  the  principal  focus  of  l,  and 
T.r.  the  virtual  focus  of  the  retina  Ob.  The  letters  d  and  d' 
are  omitted,  but  can  easily  be  supplied.  The  angle  h  is  now 
smaller  than  a  because  the  rays  emerge  from  L  divergent  (as  if 
from  V.F.),  and  hence  {d  and  d'  being  neai-ly  equal)  Im'  must 
be  smaller  than  Im. 

Fig.  C  shows  the  increase  of  the  image  in  myoi)ia  ;  the  retina, 
Ob  is  now  beyond  F;  C.F.  is  the  "far  point"  of  the  eye,  con- 
jugate to  Oh.  The  angle  b  is  now  larger  than  a  l)ecause  the 
rays  emerge  from  L  convergent  (towards  C.F.),  and  hence  and 
d'  still  being  nearly  equal)  Im'  must  be  larger  than  Im. 
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side  in  indirect  examination).  This  atrophy  gives 
rise  to  a  crescentic  patch  (Fig.  108)  of  yellowish- 
white  or  greyish  coloui',  whose  concavity  is  formed 
by  the  border  of  the  disc,  whilst  its  convex  side  curves 
towards  the  y.  s. ;  it  is  known  as  a  "  myopic  crescent," 
also  as  a  "posterior  staphyloma"  (p.  192),  because 
it  indicates  a  localised  bulging  of  the  sclerotic  (Fig. 
106).  It  varies  in  size  from  the  narrowest  rim  to  an 
area  several  times  that  of  the  disc,  and  may  form  a 
zone  entirely  surrounding  the  disc  (Fig.  110),  instead 
of  a  crescent;  there  may  also  be  several  spots  of  atro- 
phied or  thinned  choroid,  beyond  the  bounds  of  the 
crescent,  and  these  are  apt  to  occur  in  horizontal 
lines  near  the  y.  s.  Extensive  choroidal  changes  are 
generally  assumed  to  be  the  result  of  choroiditis 

("Myopic  Choroid- 
- -  itis")  (p.  193).  As 

a  rule,  the  higher 
the  M.  the  more 
extensive  are  the 
choi'oidal  changes, 
but  the  relation  is 
bj  no  means  con- 
stant, and  occasion- 
ally even  in  high 
degrees  we  find  no 
crescent.  Hajmor- 
rhages  may  occur 
from  the  choroid  iu 
the  same  region, 
and  leave  some 
residual  pigment 
(pp.  186  and  193). 
bulging,  the  disc  is 
oval,   because   seen  at 


Fig. 


110. — Large 
staphyloma. 


iiiiiiular  jiosterior 
(Liebreicli .) 


the 


Owing  to  the  steepness  of 
often  tilted,  and  appears 
"  three  quarter  face  "  instead  of 
110).    It  is  sometimes  very  pale 
the  y.  s.  when  the  staphyloma  is  large. 

There  is  iu  M.  a  great  liability  to  liquefaction  of, 


"full  face"  (Fig. 
on  the  side  next 
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and  the  fovinatiou  of  opacities  in,  the  vitreous,  and, 
still  worse,  to  detachment  of  the  retina.  A  large 
proportion  of  all  retinal  detachments  occur  in  myopic 
eyes.  A  blow  on  the  eye  sometimes  appears  to  have 
caused  the  detachment,  though  often  not  nntil  after 
a  considerable  interval.  In  high  degrees  of  M.  the 
lens  frequently  becomes  cataractous,  the  cataract 
generally  being  cortical  and  complicated  with  disease 
of  the  vitreous  (pp.  166,  206,  &.e.). 

Thus  we  arrive  at  a  sum  total  of  serious  diflSculties 
and  risks  to  which  myopic  persons  are  subject,  espe- 
cially when  the  myopia  is  of  high  degi-ee.  It  is  only 
when  the  degree  is  low  (2  D.  or  less),  and  the  con- 
dition stationary,  that  the  popular  idea  of  "  short 
sight "  being  "  strong  sight  "  is  at  all  borne  out^ 
or  that  the  later  onset  of  Presbyopia  (p.  329) 
counterbalances  the  disadvantages  of  bad  distant, 
vision. 

Causes. — M.  is  very  rarely  present  at  birth;  the 
elongation  of  the  globe  which  constitutes  M.  comes 
on  gradually  during  the  growing  period  of  life,  and 
especially  between  the  ages  of  ten  and  twenty  ;*  the 
eye  begins  to  elongate  during  childhood.  Though 
M.  is  strongly  hereditary,  it  may  also  begin  inde- 
pendently, especially  from  the  prolonged  use  of  the 
eyes  for  near  Avorlc.  The  strain  on  the  internal  recti,, 
counterbalanced,  it  may  be,  by  a  corresponding  ten- 
sion on  the  external  recti,  is  believed  to  act  bv  com- 
pressing  the  eyeball,  and  thtis  causing  the  unjjrotected 
posterior  -pole  of  the  sclerotic  to  bulge.  The  con- 
comitant tension  of  the  ciliary  muscle  probably  aids 
by  bringing  on  congestion  of  the  uveal  tract  (as  it 
certainly  appears  to  do  of  the  disc),  and  thus  pre- 
disposes to  softening  and  yielding  of  the  tunics  ;  to 
this  congestion  the  habit  of  stooinng  over  the  book 
or  work  contributes  by  retarding  the  return  of  blood. 

*  Recent  examinations  by  Schleich  and  Gcrmann  upon  several 
linndfLHl  infants  show  that  the  human  eye  is  almost  invariably 
hyperuietropic  at  birth. 
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It  is  evident  that  if  such  causes  are  able  to  start  the 
disease  the}'  must  constantly  tend  to  increase  it.  M. 
seldom  increases  after  the  ixi^e  of  twenty-five,  unless 
under  special  circumstances;  but  general  enfeeble- 
uient  of  health,  as  after  severe  illness  or  prolonged 
suckling,  seriously  increases  the  risk  of  its  progress, 
even  after  middle  life.  Any  condition  in  which 
during  childhood  better  vision  is  gained  by  holding 
objects  very  close  is  likely  to  bring  on  M. ;  and  so  we 
find  it  disproitortionately  common  amongst  those 
who  from  childhood  have  suffered  from  corneal 
nebula\  ])artial  (especially  lamellar)  cataract,  severe 
choroiditis,  or  a  high  degree  of  astigmatism.  A  bad 
suj)ply,  or  bad  arrangement,  of  light,  bad  print,  and 
seats  or  desks  so  proportioned  as  to  encoui'age 
children  to  stoo^i  over  their  lessons,  are  now  generally 
believed  to  be  largely  answerable  for  the  production 
of  myopia.  It  is,  however,  to  be  noted  that  some  of 
the  very  worst  cases  occur  in  persons  who  have  never 
used  their  eyes  for  close  observation  of  any  kind. 

The  treatment  is  divisible  into  (I)  prophylactic 
and  (2)  remedial. — 1.  Much  may  be  done  to  ^^revent 
M.,  or  to  check  its  increase  when  it  has  begun,  by 
regulating  the  light,  books  and  desks,  used  by  chil- 
dren, so  as  to  remove  the  temptations  to  stooping. 
Children  should  not  be  allowed  to  read  or  work  by 
flickering  or  dull  light ;  and  as  we  write  and  read 
from  L.  to  K.  it  is  best,  whenever  possible,  to  admit 
the  light  from  the  left,  so  that  the  shadow  of  the 
pen  is  thrown  towards  the  right,  away  from  the 
object  looked  at.  A  myopic  child  should  not  be 
allowed  to  fullv  indulire  his  bent,  which  is  >;enerallv 
strong,  for  excessive  reading. — 2.  By  means  of  suit- 
able glasses  (a)  distant  objects  may  be  seen  clearly. 
/.  e.  the  eye  be  rendered  emmetropic,  (b)  reading  and 
working  become  possible  at  a  greater  distance.  The 
strain  on  the  internal  recti  usually  ceases  when  the 
gaze  is  directed  into  the  distance,  whether  vision  be 
distinct  or  not;   glasses  for  distant  vision  have 
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therefore  no  etfect  on  the  j^rogress  of  the  myopia, 
and  are  of  vahie  only  for  educational  purj^oses,  that 
the  patient  may  see  Avhat  is  about  him  as  clearly 
as  other  people ;  their  use  is  therefore  to  a  great 
extent  optional.  But  if  we  can  increase  the  distance 
of  the  natural  far  point  (r)  from  the  eyes,  we  lessen 
the  tension  on  the  internal  recti  in  near  vision, 
diminish  the  temptations  to  stooping  and  to  reading 
by  bad  light,  and  so  help  to  check  tbe  progress  of 
the  disease ;  hence  glasses  for  near  work  are  very 
important  in  the  higher  degrees  of  M.  (3  D.  and 
more)  in  early  life.  When  M.  has  been  sta,tionary 
for  years,  however,  the  decision  even  on  this  point 
may  be  left  to  the  patient. 

Before  ordering  glasses  for  either  purpose  we 
must  measure  accurately  the  degree  of  M.  In  Fig. 
Ill,  let  r  be  the  far  point,  and  let  it  be  25  cm.  in 
front  of  the  patient's  eye,  so  that  he  can  see  nothing 
clearly  at  a  greater  distance  than  25  cm.  (a)  He  is 
required  to  see  distant  objects  (obiects  seen  under 
parallel  rays)  clearly.  A  concave  lens  is  interposed 
of  strength  sufficient  to  give  to  parallel  rays  a  de- 
gree of  divergence,  as  if  they  came  from  r  (Fig. 
111).  The  focal  length  of  this  lens  will  be  the  .same 
as  it.s  distance  from  r ;  and,  as  it  is  placed  close  to 
the  eye,  its  focal  length  will  be  very  nearly  the  same 
as  (a  little  shorter  than)  the  patient's  far  point. 
Therefore,  if  we  measure  the  distance  of  r  from  the 
patient's  eye  a  lens  of  nearly  the  same  focal-  length 
will  neutralise  his  M.  He  will  choose  a  lens  rather 
higher  than  this  test  would  lead  us  to  expect,  if  the 
M.  be  uncomplicated;*  whilst  if,  owing  to  complica- 

*  It  is  souietimes  stated  tliat  the  fjliiss  clioscn  for  distance  is 
vatlier  lueaker  tliiiii  is  indicated  by  the  distance  of  r  from  the 
crystalline  lens,  the  accommodation  cansing:an  apparent  increase 
of  M.  This  is  trne  only  in  low  doji-recs  of  M.,  and  not  ahviiys 
in  them  ;  most  patients  choose  a  rather  stronger  lens  than  is 
indicated  by  r,  i.  e.  a  lens  whose  Ibcns  is  shorter  by  the-distance 
between  its  own  central  point  and  the  cornea. 
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tious,  tliei-e  be  considerable  defect  of  vision,  he  will 
often  choose  a  somewhat  lower  glass.  Hence  it  is  a 
good  rnlc  to  begin  the  trial  with  a  lens  weaker  than 


I'  lu.  111. — Myopiii  coiTucted  l)_y  ruiiciivu  leas. 


the  one  which,  judging  by  the  above  test,  w^e  expect 
the  patient  to  choose,  and.  to  try  successively  stronger 
ones  till  the  best  result  is  reached.  The  weakest 
concave  glass  which  gives  the  best  attainable  sight 
for  the  distant  test  types  (p.  24)  is  the  measure  of 
the  M.,  and  this  glass,  but  not  a  stronger  one,  may  be 
safely  worn  for  distant  vision.  Beginners  often  test 
M.  patients  with  concave  glasses  for  near  types  ; 
neither  +  nor  —  glasses  give  any  information  about 
the  refraction  when  used  for  near  objects,  since  they 
merely  either  substitute,  or  call  into  use,  the  accom- 
modation. 

(h)  A  glass  is  needed  with  which  the  patient  will 
be  able  to  read  or  sew  at  a  distance  greater  than  his 
natural  far  point.  Theoretically  the  fully  correcting 
glass  (a)  would  suit,  since  it  gives  to  all  rays  a 
course  which,  in  relation  to  the  myopic  eye,  is  the 
same  as  that  of  the  rays  entering  a  normal  eye.  But 
this  glass  can  seldom  safely  be  allowed  in  the  higher 
degrees  of  M.  The  lens  which  fully  corrects  the 
myopia  diminishes  the  size  of  the  retinal  images  so 
much  (p.  13)  that  the  patient  is  tempted  to  enlarge 
them  again  by  bringing  the  object  nearer  ;  again,  the 
accommodation  is  often  defective  in  the  higher  de- 
grees of  M.,  and,  as  the  fully  correcting  lens  requires 
full  accommodation,  it  will  lead  to  over-straiuing  if 
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this  fuuction  be  weakened,  and  so  cause  discomfort, 
if  nothiug  Averse.  For  these  two  reasons  the  rule  is 
to  give,  for  near  work,  a  glass  which  will  diminish 
the  myopia,  but  not  fully  correct  it.  Glasses  for  near 
work  are  seldom  needed  unless  M.  exceed  3  D. 

Let  M.  be  7  D.  then  r  will  be  at  14  cm.  (p.  15)  from 
the  eye.  If  a  glass  be  required  with  which  the 
patient  shall  be  able  to  read  at  30  cm.,  or  which 
shall  remove  r  from  14  cm.  to  30  cm.,  i.  e.  shall 
leave  the  patient  with  M.  3.  D.,  we  must  correct  the 
difference  between  7  D.  and  3  D.  (7  D.-3  D  =  4  D.)  ; 
a  concave  lens  of  4  D.  will  make  rays  from  30  cm, 
diverge  as  if  they  came  from  14  cm.  But  even  this 
partial  correction  may  diminisli  the  images  so  nnich 
that,  if  vision  be  imperfect,  from  extensive  choroidal 
changes,  readius'  at  the  increased  distance  will  be 
difficult,  and  the  patient  will  j^refer  to  bring  the  object 
nearer  again  at  the  expense  of  his  accommodation, 
and  will  thus  be  inconvenienced  instead  of  bettered  ; 
it  is,  therefore,  often  advisable,  even  for  partial 
correction,  to  order  a  weaker  lens  than  is  optically 
coiTect. 

Aching  from  preponderance  of  the  external  over 
the  internal  recti  (insufficiency  of  the  internal  recti, 
p.  299),  if  not  cured  by  2:)artially  correcting  glasses 
is  often  best  treated  by  division  of  the  external  rectus 
of  one  or  both  eyes.  This  operation  may  always  be 
done  when  there  is  a  mai'ked  divergent  squint,  even 
if  the  squint  be  variable. — Prismatic  spectacles 
(p.  9),  the  bases  of  the  jirisms  being  towards  the 
nose,  are  very  serviceable  for  reading,  in  cases  of 
slight  muscular  insufficiency.  By  deflecting  the 
entei-ing  light  towards  their  bases  (Fig.  16)  the 
prisms  give  to  rays  from  a  certain  near  point  a  direc- 
tion as  if  they  came  from  a  greater  distance,  and  thus 
lessen  the  need  for  convergence  of  the  optic  axes. 
The  prisms  may  be  combined  with  concave  lenses. 

M.  may  also  be  caused  by  an  increase  of  the  curva- 
ture, or  of  the  refractive  power,  of  the  media  {myopia 
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of  curvature).  Thus,  in  couical  cornea  (p.  115)  tb(3 
curvatui-e  of  tbe  central  part  of  the  cornea  is  increased 
(i.  e.  its  focal  length  shortened),  and  tbe  pi-incipal 
focus  of  tbe  lens-systcni  lies  in  front  of  the  retina, 
often  very  far  in  front,  without  any  change  of  place 
of  the  parts  at  the  back  of  tbe  eye.  M.,  usually  of 
low  degree,  often  comes  on  in  commencing  senile 
cataract  (p.  168)  from  a  shortening  of  the  focal 
length  of  tbe  crystalline  lens,  but  whether  this  is  due 
to  increase  of  convexity  or  of  refractive  index  (p.  1) 
is  uncertain.  M.  is  sometimes  simulated  in  H.,  and 
actual  M.  increased,  by  needless  and  uncontrollable 
action  of  tbe  ciliary  muscle. 

HYPEEMETROPIA  (H.) 

H.  is  optically  tbe  reverse  of  M.  It  is  one  of  tbe 
commonest  conditions  we  have  to  treat.  Tbe  ej'eball 
is  too  short  (axial  hi/permetrojna) ,  so  that  when  tbe 
accommodation  is  relaxed  the  retina  lies  witbin  tbe 
principal  focus  of  tbe  eye.  As  rays  from  an  object 
witbin  the  principal  focus  of  a  convex  lens  emerge 
from  tbe  lens  divergent  (Figs.  10  and  13),  so  pencils 
of  rays  leaving  a  hypermetropic  eye  are  divergent 
(Fig.  115)  ;  and,  conversely,  only  rays  already  con- 
vergent can  be  focussed  on  the  retina.  H.  always 
dates  from  birth,  and  does  not  afterwards  increase, 
except  slightly  in  old  age.  But  it  may  diminish  and 
even  give  pdace  to  M.  by  elongation  of  tbe  eye. 
In  Fig,  112  the  curved  line  representing  tbe  retina  is 
in  front  of  f  {compare  Fig.  102).  Parallel  rays  will, 
after  passing  through  tbe  lens,  meet  tbe  retina  before 
focussing  and  form  a  blurred  image,  whilst  divergent 
rays,  meeting  the  retina  still  further  from  their  focus, 
will  form  an  even  worse  image  {comj^are  Fig.  103)  ; 
hence  neither  distant  nor  near  objects  will  be  seen 
clearly.  But  by  using  accommodation  the  focal  length 
can  be  shortened  until  the  focus  falls  upon  tbe  retina 
(Fig.  113),  and  distant  objects  are  then  seen  clearly  ; 
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aud  additional  accommodation  ^vill  give  also  distinct 


Fig.  112. — Hypermotropia.     Parallel   rays    locussud  behiiul 
retina.    Kays  already  convergent  foeussed  on  retina. 


vision  of  near  objects  {compare  Fig.  104).  A  little 
consideration  will  show  tliat  the  competence  of  the 


Fig.  113. — Hypennetropia  corrected  by  accommodation. 
I'iirallel  rays  focnssed  on  retina. 


ciliary  muscle  to  give  these  results  will  depend  in  any 
given  case  :  f  1)  on  the  degree  of  advancement  of  the 


Fig.  114. — Hypennetropia  corrected  by  a  convex  lens,  whose 
focns  coincides  with  the  virtnal  focus  of  the  retina. 


retina  in  front  of  r,  i.  e.  on  the  degree  of  shortening 
of  the  eye ;  and  (2)  on  the  strength  of  Ace,  i.  e.  on 
the  extent  to  which  the  focal  length  of  the  lens  can 
be  altered. 
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The  same  result  may  be  gained  by  jilacing  a 
couvex  lens  in  front  of  the  eye,  instead  of  using  the 
accommodation.  In  a  given  case,  Acc.  being  re- 
laxed, let  the  ray  {a,  Fig.  114)  on  leaving  the  eye 
diverge  from  the  axis,  as  if  it  proceeded  from  a 
point  V.  F.  {compare  Fig.  13)  25  cm.  behind  the 
cornea.  If  the  ray  parallel  with  the  axis,  pass 
through  a  convex  lens,  /,  of  25  cm.  focal  length 
held  close  to  the  eye,  it  Avill  be  made  to  converge 
towards  this  same  point,  and  therefore  in  accord- 
ance with  §  12  (p.  5)  Avill  be  focussed  on  the  retina 
at  ft. 

Fig.  115  may  be  taken  for  a  section  of  a  very  highly 
liypermetropic  eye,  the  rays  emerging  from  wliicla 
are  divergent.    The  image  formed  on  the  retina  of  a 


Fig.  115. — Course  of  the  rays  emerging  from  a  hypermetropic 

eye. 


hypermetropic  eye  is  smaller  than  that  of  the  same 
object  placed  at  the  same  distance  fi'om  a  normal 
eye  (p.  13). 

In  old  age  the  refractive  power  of  the  crystalline 
lens  seems  uormally  to  diminish,  and  therefore,  an 
eve  oi'iginally  emmetropic  becomes  unable  to  focus 
])arallel  rays  on  tbe  retina ;  this  condition  causes 
slight  acquired  liypermetro^na,  and  begins  at  the  age 
of  65. 

Symptoms  and  results  of  H. — The  direct  symptoms 
are  due  to  insufficiency  of  the  accommodation ;  for 
distinct  vision  of  any  object,  whether  near  or  dis- 
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tant,  requires  Acc.  proportionate  to  the  degree  of 
shortening  of  the  eye,  and  the  absolute  power  (am- 
plitude) of  Acc.  is  not  increased  in  H.,  at  any  rate 
not  enough  to  meet  the  demand. 

If  H.  is  slight  or  moderate  and  Acc.  vigorous,  no 
inconvenience  is  felt  either  for  near  or  distant 
vision.  But  if  Acc.  have  been  weakened  by  disease 
or  ill  health,  or  have  failed  with  age,  the  patient  will 
complain  that  he  can  no  longer  see  near  objects 
clearly  for  long  together;  that  the  eyes  ache  or 
water,  or  that  everything  "  swims "  or  becomes 
"  dim  "  after  reading  or  sewing  for  a  short  time 
(accommodative  asthenopia).  There  is  not  usually 
much  complaint  of  defect  for  distant  objects.  Many 
slight  or  moderately  H.  patients  find  no  incon- 
venience till  25  or  30  years  of  age,  when  Acc.  has 
naturally  declined  by  nearly  one  half.  Women 
are  often  first  troubled  after  a  long  lactation,  and 
other  persons  after  prolonged  study  or  deskwork,  or 
when  suffering  from  chronic  exhausting  diseases. 
Children  often  complain  of  watering,  blinking, 
and  headache,  rather  than  of  dimness  (see  also  p. 
244). 

In  very  high  degrees  of  H.,  as  a  large  part  of  the 
Acc.  is  always  needed  fi-om  childhood  upwards  for 
distant  sight,  even  the  strongest  effort  does  not 
suffice  to  give  clear  images  of  iiear  objects,  which, 
consequently,  such  a  person  never  sees  well.  Such 
patients  often  partly  compensate  for  the  dimness  of 
near  objects  by  bringing  them  still  nearer,  thus 
enlarging  the  visual  angle  and  increasing  the  size  of 
the  retinal  images  (p.  13).  This  symptom  may  be 
mistaken  for  M.,  but  can  be  distinguished  by"  the 
want  of  uniformity  in  the  distance  at  which  the 
patient  jjlaces  his  book,  and  by  his  being  often 
nnal)le,  at  any  distance  whatever,  to  see  the  print 
easily  or  to  read  fluently.  In  the  highest  degrees 
even  distinct  distant  vision  is  not  constantly  main- 
tained, the  jjatient  often  being  content  to' let  his 
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accommodation  rest  except  when  liis  attention  is 
roused. 

As  age  advances,  a  point  is  reached,  even  in 
moderate  degrees  of  H  ,  at  which  Acc.  no  longer 
sufiices  even  for  distant,  and  much  less  for  near, 
vision.  Such  persons  tell  us  that  tbey  early  took  to 
glasses  for  near  work,  but  add  that  lately,  the  glasses 
have  not  suited,  and  that  they  are  now  unable  to  see 
clearly  either  at  long  or  short  distances.  Ophthal- 
moscopic examination  shows  no  change  except  H., 
and  suitable  convex  glasses  at  once  raise  distant 
vision  to  the  normal. — Occasionally  photo^jhobia, 
conjunctival  irritation,  and  redness  are  present  in 
H.,  but  the  first-named  symptom  is  less  common 
than  in  M.  {see  p.  244). 

The  most  important  indirect  result  of  H.  is  conver- 
gent strahisnms.  To  understand  this  we  must  I'e- 
member  that  there  is  a  certain  constant  relation 
between  the  action  of  the  ciliary  muscles  and  of  the 
internal  recti, — that  Acc.  can  be  exerted  only  to  a  very 
limited  degree  without  convergence  of  the  optic  axes, 
and  that  for  every  degree  of  Acc.  there  is,  in  the 
normal  state,  a  constant  amount  of  convergence 
{compare  j).  26).  In  H.  accurate  near  sight  needs,  as 
w^e  have  seen,  an  excess  of  Acc,  thus  e.  g.  Avith  H.  of 
2  D.,  clear  vision  of  an  object  at  50  cm.  will  require 
as  much  Acc.  as  vision  at  25  cm.  by  a  normal  eye,  and 
this  Acc.  cannot  be  exerted  without  converging  for 
25  cm.  (or  nearly  so).  Such  a  person,  therefoi'e,  has 
to  do  two  things  at  once — to  look  at  an  object  dis- 
tant 50  cm.,  and  to  make  his  optic  axes  meet  at 
25  cm.  The  former  he  does  by  directing  one  eye 
(e.  g.  the  E.)  to  the  object  50  cm.  off  ;  the  latter  by 
convertriusr  the  visi;al  axes  so  that  the  L.  meets 
the  R.  at  25  cm.  instead  of  50  cm.  In  this  case 
the  L.  eye  will  squint  inwards,  but  hotli  internal 
recti  will  act  equally  in  bringing  abovit  the  conver- 
gence, and  both  eyes  will  use  as  much  Acc.  as  a  pair 
of  normal  eyes  would  do  at  25  cm. 
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This  "  concouaitant  "  couvergent  strabismus  (p.  84, 
§  11)  generally  comes  on  early  iu  childhood,  as  soon 
as  the  child  begins  to  look  attentively  and  use  Ace. 
vigorously  iu  regarding  near  objects.  In  examining 
cases  we  shall  be  struck  by  finding  that :  (1)  iu  some 
the  squint  is  noticed  only  when  Acc.  is  in  full  use, — 
that  it  appears  and  disappears  under  observation, 
according  as  the  child  fixes  its  gaze  on  a  near  object 
or  looks  into  sjjace  (2)eriodic  squint). 

Pei'iotlic  squint  often  occurs,  chiefly  when  the  chikl  is 
nervous  or  tired  ;  several  patients  have  assured  me  that  their 
occasional  convergent  squint  scarcely  ever  came  on  except  when 
eating. 

(2)  In  others  the  squint  is  constant,  but  is  more 
marked  during  strong  Acc. ;  (3)  it  is  constant,  in- 
variable, and  of  high  degree ;  (4)  in  most  cases  the 
squint  always  affects  the  same  eye,  and  this  is  gene- 
rally accounted  for  by  some  original  defect  of  the  eye 
itself  (such  as  a  higher  degree  of  H.,  or  As.,  or  a 
corneal  opacity),  which  leads  to  its  fellow  being 
chosen  for  distinct  sight ;  but  patients  Avho  see 
equally  well  with  each  eye  often  squint  with  either 
indifferently  {alternatincj  squint).  The  squint  causes 
diplopia  (homonymous,  p.  334),  and  to  avoid  this  in- 
convenience, patients  for  the  most  jjart  soon  learn  to 
ignore  (or  "suppress")  the  image  formed  in  the 
squinting  eye,  the  result  usually  being  that  this  eye 
becomes  very  defective.  This  power  of  suppressing 
the  false  image  is  learnt  most  easily  in  very  early 
life.  In  alternating  scjuint  no  permanent  suppres- 
sion occurs,  and  consequently  both  eyes  remain  good. 
{Refer  to  arguments  at  p.  235.) 

It  will  soon  be  roticed  that  squint  is  not  present 
in  every  case  of  H.  In  veiy  low  degrees  the  necessary 
extra  Acc.  can  often  be  used  without  any  extra  con- 
vergence (relative  accommodation,  p.  26).  In  very 
high  degrees,  on  the  other  hand,  the  effort  needed  for 
distinct  vision,  even  of  distant,  and  d  fortiori  of  near, 
objects,  is  so  great  that  the  child  often  sacrifices 
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distinctness  to  comfort  and  binocular  vision,  using 
only  so  much  Acc.  as  can  be  employed  without  over- 
convergence.  The  squint  sometimes  disappears 
spontaneously  as  the  child  grows  up ;  this  might  be 
explained  by  an  increased  power  of  dissociating  Acc. 
from  convergence,  or  by  a  diminution  of  H.  from 
elongation  of  the  eye,  or  by  a  general  tendency 
in  all  persons,  and  of  this  there  is  other  evidence,  to 
weakening  of  the  internal  recti  with  advancing  age. 

The  trealmentoi  H.  consists  in  removing  the  neces- 
sity for  overuse  of  Acc.  by  prescribing  convex  spec- 
tacles which,  in  proportion  to  their  strength,  supply 
the  place  of  the  increased  convexity  of  the  crys- 
talline lens  induced  by  Acc.  In  theory,  the  whole  Acc. 
ought  to  be  corrected  by  glasses  in  every  case,  and 
the  eye  be  rendered  emmetroiiic.  But  in  practice, 
we  find  it  often  better  to  give  a  weaker  glass,  at  least 
for  a  time. 

If  Acc.  in  a  H.  eye  be  in  abeyance  (paralysed  by 
atropia)  vision  for  distant  objects  will  be  distinct 
only  if  the  rays  pass  through  a  convex  lens,  held  in 
front  of  the  eye,  whose  focus  coincides  with  the  vir- 
tual focus  of  the  retina  (p.  311,  Fig.  114).  The 
strength  of  this  lens  is  the  measure  of  the  H.  ;  thus 
the  patient  has  H.  2  D.  if  a  convex  lens  of  50  cm. 
focal  length  is  necessary  for  this  purpose. 

But  if  Acc.  be  intact,  then,  as  it  has  constantly  to 
be  used  for  distant  sight,  the  patient  is  often  unable 
to  relax  it  fully,  when  a  corresponding  convex  lens  is 
placed  in  the  front  of  the  eye ;  lie  will  relax  only  a  part, 
and  this  part  will  be  measured  by  the  strongest 
convex  lens  with  which  he  can  see  the  distant  types 
clearly.  That  part  of  the  H.  which  can  be  detected 
by  this  test  is  called  "  manifest  "  (m.  H.).  The  part 
remaining  undetected,  because  corrected  by  the  in- 
voluntary use  of  Acc,  is  latent  (1.  H.).  The  sum  of 
the  lu.  H.  and  1.  H.  is  the  total  H. 

Now,  most  H.  people  can  habitually  use  some  Acc. 
for  distance  (and  a  corresponding  excess  for  near 
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vision)  without  inconvenience,  and  hence  the  full 
correction  of  H.  is  by  no  means  always  needful, 
or  even  agreeable  to  the  patient.  In  many  cases 
the  correction  of  the  m.  H.  is  enough  to  relieve 
the  astbenopic  symptoms,  at  any  rate  for  a  consider- 
able time  ;  but  we  often  find  that  after  wearing  these 
glasses  for  some  weeks  or  months,  the  symptoms 
return,  and  a  fresh  trial  vnW  show  a  larger  amount 
of  m.  H.,  which  must  then  agaiu  be  corrected  by 
a  corresponding  increase  in  the  strength  of  the 
glasses.  This  process  may  have  to  be  rejieated  several 
times  until  after  a  few  months  the  total  H.  becomes 
manifest,  and  may  be  corrected.  This  method  is 
most  suitable  for  adults  in  whom  the  use  of  atropine 
to  paralyse  Ace,  and  allow  the  immediate  estimation 
of  the  total  H.,  is  inconvenient  or  impossible  ;  or  for 
whom  the  glasses  -which  correct  the  total  H.,  as  esti- 
mated by  the  ophthalmoscojse,  without  atropinisa- 
tion,  are  found,  if  ordered  at  once,  to  be  inconveniently 
strong.  But  for  children  there  is  seldom  any  gain, 
and  often  no  little  inconvenience,  from  following  this 
gradual  plan  ;  with  them  the  better  way  is  to  estimate 
the  total  H.,  and  to  order  glasses  slightly  (about  1 
D.)  weaker  than  that  amount. 

To  examine  for  H. — (1.)  For  m.  H.  Note  the  pa- 
tient's vision  for  distant  types  at  6  m.,  then  hold  in 
front  of  his  eyes  a  very  weak  convex  lens  (  +  '5  D.), 
and  if  he  sees  as  well,  or  better,  with  it,  go  to  the 
next  stronger  lens,  and  so  on  until  the  strongest  has 
been  found  wdiich  allows  the  best  attainable  distant 
vision  ;  this  lens  is  the  measure  of  the  m.  H. 

(2.)  For  H.  (total). — The  easiest  and  most  certain 
plan  is  to  direct  the  patient  to  use  strong  atropine 
drops  (F.  31)  three  times  a  day  for  at  least  two  days, 
and  then  to  test  his  distant  vision  with  convex  glasses. 
As  in  (1),  the  strongest  lens  which  gives  the  best 
attainable  sight  is  the  measure  of  the  H. 

OphthahnoHcnpic  tests. — (3)  The  image  of  the 
disc  seen  by  the  indirect  method  becomes  smaller 
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when  the  lens  is  withdrawn  from  the  eve  (Fis. 
102,  B).  ^    ^  ^ 

(4.)  The  retinoscopic  test  is  described  at  p.  57. 

(5.)  By  direct  examination  an  erect  image  is  seen 
at  whatever  distance  the  observer  be  from  the  patient 
(p.  53).  The  observer  may  learn,  as  stated  at  p.  54, 
to  estimate  H.  with  ahnost  as  great  accuracy  with 
a  refraction  ophthalmoscope  as  by  trial  lenses,  and 
this  plan,  like  retinoscopy,  is  extremely  valuable 
with  children  who  are  too  young  or  too  backward 
to  give  good  answers.  The  total,  or  nearly  the  total, 
H.  may  often  be  found  in  this  way  without  atropine 
if  the  examination  be  made  in  a  dark  room,  for  then 
Acc.  is  generally  quite  relaxed,  however  persistently  it 
may  have  acted  when  the  patient  was  able  to  look 
attentively  at  objects  in  the  light.  The  objective 
estimates  (4  and  6),  however,  are  more  easily  made 
after  the  use  of  atropine. 

The  next  question  is,  whether  the  glasses  are  to  be 
worn  always,  or  only  when  Acc.  is  specially  strained, 
i.  e.  in  near  work.  They  are  to  be  worn  constantly 
(1)  whenever  we  are  attemjiting  to  cure  a  squint  by 
their  means  ;  (2)  in  all  cases  of  high  H.  in  children, 
whether  with  or  without  strabismus.  But  j^atients 
who  come  under  care  for  the  first  time  as  young 
adults,  in  whom  the  H.  is,  as  a  rule,  of  moderate  or 
low  degi'ee,  may  generally  be  allowed  to  wear  them 
only  for  near  work.  Elderly  persons  require  two 
pairs — one  for  distance,  neutralising  the  m.  H.,  the 
other  stronger,  neutralising  the  presbyopia  also,  for 
near  work  (p.  330)  ;  the  use  of  the  former  may, 
however,  be  left  to  the  patient's  choice. 

Treatment  of  convergent  hypermetropic  squint 

(1)  If  the  squint  be  periodic  {y>-  315),  it  can  be 
cured  by  the  constant  use  of  spectacles  which  nearly 
coiTcct  total  H. 

(2.)  The  same  is  true  in  some  cases  Avhere  the 
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squint,  tliougli  constant,  varies  in  degree,  being  greater 
dm'ing  Acc.  for  near,  than  for  distant,  objects. 

(3.)  If  the  squint  be  constant  in  amount  and  of 
some  years'  standing,  operation  is  usually  necessary. 
As  the  squinting  eye  is  then  usually  very  defective 
(p.  235),  the  removal  of  tbe  deformity  is  the  chief 
object  of  the  operation,  binocular  vision  being  com- 
paratively seldom  restored.  Hence,  in  view  of  the 
tendency  to  spontaneous  cure  already  mentioned,  I 
think  it  better,  as  a  rule,  not  to  operate  on  children 
below  the  age  of  six,  especially  as  iu  younger  chil- 
dren we  cannot  always  tell  whether  or  not  the  squint 
be  still  periodic.  The  most  rational  treatment  for 
children  under  4  (when  glasses  may  often  be  begun), 
is  to  cover  the  eyes  alternately  with  a  blind,  for  some 
hours  daily,  to  ensure  each  eye  being  alternately 
used  (p.  236)  ;  but  this  plan  can  seldom  be  carried  out. 

When  operation  is  decided  upon  it  is  a  safe  rule 
to  divide  only  one  internal  rectus  at  a  sittiug.  At 
the  end  of  a  few  weeks,  if  the  squint  still  be  consider- 
able, the  operation  is  performed  on  the  other  eye.* 

Muscular  astheuoiiia  is  very  likely  to  come  on 
some  years  later,  if  both  tendons  are  needlessly 
divided.  It  is  safer  to  leave  slight  convergence  than 
to  run  this  risk.    (yS^ee  also  Divergent  strabismus.) 

ASTIGMATISM  (As.) 

In  the  preceding  cases  (M.  and  H.)  the  refracting 
surfaces  of  the  eye  (the  front  of  the  cornea  and  the 
two  surfaces  of  the  lens)  have  been  regarded  as 
segments  of  spheres. 

All  the  rays  of  a  cone  of  light  which  issue  from 
a  round  spot  and  pass  through  such  a  system  are 
(neglecting  "spherical aberration"  (Pig.  9)  )  equally 
refracted,  and  meet  one  another  at  a  single  point— 

*  Regulations  for  operating  in  eonvcrgoiit  stnibisnius  in  rela- 
tion to  its  degree  liav(!  been  laid  down  l)y  various  autlioi's  ;  re- 
cently by  riirschberg  ('Centralbl.  f.  A.,'  1886,  p.  5). 
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the  focus  of  the  system.  For  if  such  a  cone  of  inci- 
dt'ut  liy-lit  ])e  looked  upon  as  composed  of  a  number 
of  different  jdanes  of  rays,  situated  radially  around 
the  axis  of  the  cone,  the  rays  situated  in  any  plane 
(say  the  vertical)  will,  after  passing  through  the 
lens-system,  meet  behind  it  at  its  focus,  whilst  those 
forming  any  other  plane  (as  the  horizoutal)  will 
meet  at  the  same  point ;  and  the  same  will  be  true 
of  all  the  intermediate  planes. 

But  let  the  curvature,  and,  therefore,  the  refractive 
power,  of  one  of  the  media  (for  instance,  the  cornea) 
be  greater  in  one  meridian,  say  the  vertical,  than  in 
the  horizontal,  then  the  vertical-plane  rays  will  meet 
at  their  focus,  whilst  the  horizontal-plane  rays  at  the 
same  distance,  not  having  yet  met,  will,  if  received 
on  a  screen,  form  a  horizontal  line  of  light.  If  the 
intermediate  meridians  had  regularly  intermediate 
focal  lengths,  they  would  form,  at  the  same  place, 
lines  of  intermediate  lengths,  and  the  image  of  the 
round  spot  of  light,  if  caught  on  a  screen  at  this 
distance,  would  form  a  horizontal  oval.  To  a  retina 
receiving  such  an  image,  the  round  point  of  light 
would  appear  drawn  out  horizontally.  Such  an  eye 
is  called  astigmatic,  because  unable  to  see  a  point  as 
such,  all  round  points  appearing  drawn  out  more  or 
less  into  lines. 

A  little  reflection  will  show  that  in  the  same  case, 
at  the  focal  point  of  the  horizontal-plane  rays,  the 
rays  of  the  vertical  plane  will  already  have  met  and 
crossed,  and  that  the  image  at  this  point  will  form  a 
vertical  oval. 

If  the  screen  be  jDlaced  midway  between  these  two 
extreme  points,  the  image  will  be  circular,  but  blurred, 
because  the  vertical -plane  rays  will  have  crossed,  and 
begun  to  separate,  while  the  horizoutal  ones  will  not 
yet  have  met,  and  each  set  will  be  equally  distant 
from  its  focus.  The  meridians  of  the  astigmatic 
medium  which  refract  most  (shortest  focus)  and  least 
(longest  focus)  are  the  "  p-inci;pal  meridians."  The 
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distance  between  their  foci  is  the  "focal  interval,''  and 
represents  the  degree  of  astigmatism. 

The  astigmatism  of  the  eye  may  be  regular  or 
irregular.  In  regular  astigmatism,  the  meridians  of 
greatest  and  least  refractive  power,  "  principal 
mei'idians,"  are  always  at  right  angles  to  each  other; 
and  every  meridian  is  nearly  a  segment  of  a  circle. 
Of  the  principle  meridians,  the  most  refi'active  (the 
one  with-  shortest  focal  length)  is,  as  a  rule,  vertical, 
or  nearly  so,  and  the  least  refractive,  therefore,  hori- 
zontal, or  nearly  so.  The  cornea  is  the  principal  seat 
of  this  asymmetry.  The  crystalline  lens,  however,  is 
also  astigmatic,  to  a  less  degree,  and  its  meridians 
of  greatest  and  least  curvature  are  usually  so  ar- 
ranged as  in  some  degree  to  neutralise  those  of  the 
cornea ;  it  thus  jDartially  corrects  the  corneal 
error.  Corneal  astigmatism 
is  often  caiised  by  opera- 
tions for  cataract  or  iridec- 
tomy (p.  178). 

Regular    astigmatism  is 

corrected  by  a  lens  which 

equalises  the  refraction  in 

the  two  princij^al  meridians. 

Such  a  lens  (Fig.  116)  must 

be  a  segment  of  a  cylinder, 

instead  of,  like  an  ordinary 

lens,  a  segment  of  a  sphere. 

Rays  traversing  a  cylindrical 

lens  iu  the  plane  of  the  axis 

of  the  cylinder  are  not  re-    ^  „  tic    n  c 

n      ,    1  „  .    Fig.  116. — Course  of  rays 

racted,  since  the  surfaces  of      passin-  tlirou-l.  the  two 
lens    in   this   direction    are       "principul  meridians  "of 
parallel ;  V>ut  rays  traversing      a  cylindrical  lens, 
it  in  all  other  jilanes  are  re- 
fracted, more  or  less,  aud  most  in  tlie  plane  or  meri- 
dian at  a  right  angle  with  the  axis. 

hregular  astigmatism  may  l)e  caused  either  hy  ir- 
1    regularities  of  the  cornea,  arising  irom  ulceration, 
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inflammation,  or  conicity*  (p.  115);  or  by  various 
conditions  of  the  crystalline  lens,  such  as  differences 
of  refraction  in  its  various  sectors,  tilting  or  lateral 
disk)cation  of  the  hnis.  so  that  its  axis  no  longer 
eorres[)onds,  as  it  should  nearly  do,  with  tbe  centre 
of  tbe  cornea.  Irregnlar  astigmatism  causes  much 
distortion  of  the  o])htlialmoscopic  image,  especiallv 
when  the  object  lens  is  moved  from  side  to  side.  It 
is  seldom  much  benefited  by  glasses. 

Keturning  to  liegulnr  Astigmatism,  it  Avill  be  seen 
tliat  the  optical  condition  of  the  eye  depends  upon 
the  position  of  the  retina  in  respect  to  the  focal 
interval.    In  1  he  following-  diagram  (Fig.  117)  let  the 
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Fig.  117. 

most  refractive  meridian  be  vertical,  and  its  focus 
be  called  a,  the  least  refracting  meridian  horizontal 
and  its  focus  h.  (The  astigmatism  is  here  re^iresented 
as  caused  by  Silii^xeiX  position  of  the  retina  indifferent 
planes,  instead  of  by  altered  curvahire  of  the  cornea 
in  difl:'erent  planes,  the  diagram  being,  of  course, 
only  intended  to  aid  the  comprehension  of  the  prin- 
ciple.) (1)  Let  a  fall  on  the  retina  (1,  Fig.  117). 
and  h,  therefore,  behind  it.  There  is  E.  in  the  vertical 
meridian,  and  therefore  H.  in  the  horizontal  meri- 
dian ;  this  is  simple  H.  As.  (2)  Let  h  fall  ou  the 
retina  (2,  Fig.  117),  and  a  in  front  of  it.    The  hori- 

*  Tlipre  can  be  little  (loul)t  from  clinical  ohservation  with  a 
refraction  oi)litlialni()scope.  tliat  corneal  As.  is  often  couiplicatod 
by  the  cnrvatnrc  of  each  meridian  beintr  natnrally  more  or  less 
elliptical  instead  of  circnlar,  and  this  without  any  tendency 
towai'ds  "  conical  cornea,"  as  commonly  understood. 
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zoutal  meridian  is,  therefore,  E.,  and  the  vertical 
meridian  M. ;  simple  M.  As.  (3)  Let  a  and  b  both 
lie  behind  the  retina  (3,  Fig.  117).  There  is  H.  in 
both  meridians,  but  more  in  the  horizontal  than  the 
vertical  meridian;  compound  H.  As.  (4)  a  and  h 
are  both  in  front  of  the  retina  (4,  Fig.  117).  There 
is  M.  in  both  meridians,  but  more  in  the  vertical 
than  the  horizontal ;  compound  M.  As.  (5)  a  is  in 
front  of  the  retina,  and  b  behind  it  (5,  Fig.  117). 
There  is  M.  in  the  vertical  and  H.  in  the  horizontal 
meridian  ;  mixed  As. 

The  general  symptoms  of  As.  resemble  those  caused 
by  the  simpler  defects  of  refraction  ;  but  attention 
to  the  patient's  comphiints,  and  to  the  manner  in 
which  he  uses  his  eyes,  will,  in  the  higher  degrees, 
often  give  the  clue  to  its  jiresence.  Low  degrees, 
especially  of  simple  H.  As.,  often  give  rise  to  no  in- 
convenience till  rather  late  in  life.  As.  is  most 
commonly  met  with  in  connection  with  H.,  because 
H.  is  so  much  commoner  than  M.  But  it  is  said 
to  occur  with  greater  relative  frequency  in  M., 
when,  if  complications  be  present,  it  may,  if  not  of 
high  degree,  be  readily  overlooked  unless  specially 
sought  for.  The  higher  grades  of  As.  cause  much 
inconvenience,  no  objects  being  seen  clearly  ;  and 
spherical  glasses,  though  of  use  if  the  As.  be  com- 
pound, are  nearly  useless  if  it  be  simple.  As.  is 
always  to  be  suspected  if,  with  the  best  attainable 
spherical  glasses,  distant  vision  is  less  improved  than 
it  ought  to  be  (supposing,  of  course,  that  no  other 
changes  are  present  to  account  for  the  defect).  No 
definite  rule  can  be  laid  down  as  to  the  degree  of 
•defect  which  should  raise  the  suspicion  of  As.  ; 
indeed,  in  the  higher  degrees  of  even  simple  M.  and 
H.,  acuteness  of  vision  is  often  below  normal  (pp.  237 
and  304).  There  seems  no  doubt  that  in  young 
persons  with  vigorous  accommodation  the  astigma- 
tism of  the  cornea  is  ofttni  partly  corrected  by  the 
ciliary  muscle  acting  une(iually  on  the  different 
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meridians  of  the  lens ;  and  that  the  seemingly 
greater  frequency  of  astigmatism  in  the  presbyojiic 
is  due  to  the  imi)airment  of  this  jjower. 

As.  may  be  measured  either  by  trial  with  glasses, 
by  retinoscopy  (p.  5?),  or  by  ophthalmoscopic 
estimation  (]).  55)  of  the  refraction  of  the  retinal 
vessels  in  the  two  chief  meridians.  A  coni])aratively 
easy  qualitative  test  is  found  in  the  apparent  shape 
of  the  disc,  which,  instead  of  being  round,  is  more  or 
less  oval.  In  the  erect  image  the  long  axis  of  the 
oval  corresponds  to  the  meridian  of  greatest  refrac- 
tion, and  is  therefore,  as  a  rule,  nearly  vertical  (Fig. 
118). 


Fig.  118. — Erect  image  of  disc  in  Fig.  119. — The  same  disc, 

Astigmatism,  with  meridian  of  seen   by  the  indirect 

greatest  refraction  nearly  ver-  mctliod.    (Wecker  and 

tical.    (Wecker  and  Jaeger.)  Jaeger.) 


In  the  inverted  image  (Fig.  119)  the  direction  of 
the  oval  is  at  right  angles  to  the  above,  provided 
that  the  object  lens  be  nearer  than  its  own  focal 
length  to  the  eye.  As.  is  suspected  wdien,  in  the  erect 
image,  an  undulating  retinal  vessel  appears  clear  in 
some  parts,  and  indistinct  in  others,  an  appearance 
which  may  be  taken  for  retinitis  if  the  examination 
be  confiued  to  the  erect  image.  It  may  be  imitated 
by  looking  at  a  wavy  line  through  a  cylindrical  lens. 
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In  the  indirect  examination  the  shape  of  the  disc 
changes  on  withdrawing  the  lens  from  tlie  patient's 
eye.  It  will  be  remembered  that  in  M.  the  image 
increases  as  the  lens  is  withdrawn  (p.  301,  2),  that 
in  E.  its  size  remains  the  same,  whilst  in  H.  it 
diminishes  (Fig.  109).  Thus,  in  a  case  of  simple 
M.  As.  in  the  vertical  meridian,  that  dimension  of 
the  disc  which  is  seen  through  the  vertical  meridian 
will  enlarge  on  distancing  the  lens;  from  being 
oval  horizontally,  when  the  lens  is  close  to  the 
eye,  it  becomes  first  round  and  then  oval  verti- 
callv  on  withdrawing  the  lens.  In  the  other  forms 
of  As.  tlie  same  holds  true ;  the  image  enlarges, 
either  absolutely  as  in  M.  As.,  or  relatively  as  in 
H.  As.,  in  the  direction  of  the  most  refracting  meri- 
dian. 

The  subjective  tests  for  As.  are  very  numerous, 
but  all  depend  on  the  fact,  that  if  an  astigmatic  eve 
look  at  a  number  of  lines  drawn  in  different  direc- 
tions, some  will  be  seen  more  clearly  than  others. 
The  form  of  this  test,  is  not  a  matter  of  great  conse- 
quence, provided  that  the  lines  are  clear,  not  too  fine, 
and  are  easily  visible  with  about  half  the  normal  V. 
at  from  3  m.  to  (5  m.  The  forms  resembling  a  clock- 
face  with  bold  Roman  figures  at  the  ends  of  the  radii 
are  very  convenient,  and  I  prefer  the  pattern  recom- 
mended by  Mr  Brudenell  Carter  (see  Appendix)  to 
any  other  that  I  have  used.  On  this  face  are  three 
parallel  black  lines  separated  by  equally  wide  white 
spaces,  and  which  collectively  form  a  "  hand  "  that 
can  be  turned  round  into  the  positions  of  best  and 
worst  vision. 

The  easiest  case  for  estimation  is  one  of  simple  H. 
As.,  in  which  the  eye  is  under  atropine.  Many  cases 
of  simple  M.  As.  are  almost  as  easy  to  test.  In  a 
given  case  let  the  eye  be  E.  in  the  vertical  meridian, 
and  H.  in  the  horizontal.  With  Acc.  paralysed, 
rays  refracted  by  the  vertical  meridian  will  be  accu- 
rately focussed  on  the  retina,  whilst  the  focus  of 
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tboso  vi'frac-tod  liy  the  horizontal  meridian  will  be 
behind  the  retina  (Fi<^^  117,  I),  and  eonseqneutly 
i'orni  on  it  a  blurred  image.  Now,  llie  rays  which 
strike  in  tlic  ])lane  of  the  vertical  meridian  are  those 
which  come  from  Ihe  borders  of  horizontal  lines; 
hence  the  patient  under  consideration  will  slm;  the 
lines  at  a  distance  of  3  m.  to  6  m.  quite  cleiirly  when 
the  "  hand  "  is  horizontal,  except  their  ends,  which 
will  be  blurred.  The  rays  which  strike  in  the  plane 
of  the  horizontal  meridian  are  those  Avhicli  jiroceed 
irom  the  sides  of  vertical  lines,  and  as  this  meridian 
is  hy])ermetroi)ic,  the  lines  in  the  "hand,"  when 
placed  vertically,  will  be  indistinct,  except  their  ends, 
which  will  be  shai-jdy  defined.  We  now  leave  the 
"  hand  "  vertical,  and  test  the  refraction  for  the  lines 
in  this  position  (i.  e.  for  the  horizonta.1  meridian)  in 
the  ordinary  way  (p.  317,2)  and  find,  e. ;/.  that  with 
+  2  D.  they  are  seen  most  clearly,  though  not  ])er- 
fectly.  On  sul)stitutiug  for  the  sjiherical  glass,  +  2 
D.  cylinder  with  its  curvature  horizontal  (/.  e.  its  axis 
vertical),  the  lines  of  the  baud  and  all  the  figures  on 
the  clock  will  be  seen  perfectly;  the  vertical  lines 
and  figures  will  be  seen  through  the  horizontal  meri- 
dian corrected  by  the  cylinder  lens,  and  the  horizontal 
figures  through  the  unaided  vei'tical  meridian,  the 
rays  which  pass  through  the  cylinder  in  this  meridian 
not  being  refracted. 

In  a  case  of  simple  M.  As.  in  the  vertical  meridian 
the  lines  of  the  '•  hand  "  w^ill  be  dull  or  invisible  when 
horizontal,  whilst  Avhen  vertical  they  will  be  clear. 
On  trial  a  concave  cylinder  wnll  be  found,  which, 
with  its  curvature  vertical  (axis  hoi-izontal)  makes 
the  lines  of  the  hand  quite  clear  when  horizontal, 
and  all  the  figures  quite  plain. 

The  cases  of  compound  and  mixed  As.  are  less 
easily  dealt  with  by  this  test.  It  is  generally  best 
to  find,  in  the  usual  way,  the  spherical  glass  which 
gives  the  best  result  for  the  distant  types,  and  then, 
arming  the  eye  Avith  this  glass,  to  test  for  As.,  with 
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the  clock-face  and  cvlindrical  lenses,  as  in  the  simple 
oases  described  above. 

We  may  use,  instead  of  a  cylindrical  glass,  a 
nan'ow  slit  in  a  I'ound  plate  of  metal,  which  can  be 
placed  in  the  direction  of  either  of  the  chief  meri- 
dians, the  spherical  glass  being  then  found  with 
which,  in  each  meridian,  the  patient  sees  best.  One 
chief  meridian  may  be  ascertained  by  finding  the 
direction  of  the  slit  which  gives  tlie  best  sight  with 
the  sjjherical  glass  chosen  in  the  ^preliminary  exami- 
nation, and  the  other  meridian  by  finding  the  glass 
which  gives  the  best  result  with  the  slit  at  a  right 
angle  to  the  former  direction. 

Another  method  (that  of  Javal)  consists  in  making 
the  patient  highly  myopic  for  the  time  being,  by 
means  of  a  convex  lens  (unless  he  be  myojjic  already); 
then  accurately  finding  his  far  point  for  the  least 
myopic  meridian,  and.  lastly,  finding  the  concave 
cylinder  which  is  needed  to  reduce  the  opi^osite  meri- 
dian to  the  same  refraction.  A  special  apparatus  is 
needed. 

Ophthalmoscopic  estimation  and  retinoscopy,  how- 
ever, save  much  time,  especially  in  mixed  As.  If 
As.  be  measured  by  direct  ophthalmoscopic  exami- 
nation, we  may  I'emember  that  the  axis  of  tlie  cor- 
recting cylinder  will  be  parallel  to  the  vessel  used 
as  a  guide  to  either  of  the  chief  meridians ;  and  that 
in  retinoscopy  the  same  axis  is  parallel  to  the  edge 
of  the  shadow.  Thus  if  a  vertical  vessel  be  clearly 
seen  with  +  2  D.,  the  horizontal  vessels  being  best 
seen  with  no  lens,  retinoscopy  will  also  show  H.  2 
D.  for  the  shadow  moving  horizontally,  i.  e.  with  a 
vertical  edge,  and  the  patient  will  choose  a  cylinder 
of  +  2  D.  with  its  axis  vertical,  i.  e.  its  curvature 
horizontal  because  the  horizontal  meridian  of  his 
eye  has  H.  2  D.,  the  vertical  meridian  being  E. 
{compare  pp.  55  and  326). 

Whatever  means  be  employed,  the  degree  of  As. 
is  expressed  by  the  difference  between  tlie  glasses 
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chosen  for  the  two  chief  meridians  ;  or  by  the  cylin- 
drical lens  which,  added  to  the  chosen  spherical, 
gives  the  best  residt  for  the  lines  or  the  distant 
types.  When  cylindrical  glasses  are  ordered  the 
whole  of  the  astigmatism  should  be  correctefl.  It  is 
not  usually  necessary  to  correct  astigmatism  of  less 
than  1  D.  ;  but  exceptions  to  this  rule  are  not  un- 
common, some  patients  deriving  marked  relief  from 
the  correction  of  lower  grades. 

Vision  is  often  defective  in  As.,  and  in  the  high 
degrees  we  are  often  obliged  to  be  content  with  a 
very  moderate  improvement  at  the  time  of  examina- 
tion. This  may  sometimes  be  explained  by  the 
retina  never  having  received  clear  images,  i.  e.  never 
having  been  accurately  practised  (p.  237)  ;  V.  in 
such  cases  often  imj^roves  after  proper  glasses  have 
been  worn  for  some  months.  In  other  cases,  irre- 
gular As.  is  the  cause  of  the  defect.  Much  also 
depends  on  the  intelligence  of  the  patient ;  some 
persons  are  far  more  apj^reciative  of  slight  changes 
in  the  power,  or  in  the  direction  of  the  axis,  of  the 
cylinder  than  others,  and  this  apart  from  the  abso- 
lute acuteness  of  sight. 

Unequal  refraction  in  the  two  eyes  (^An-iso-metropia) . 
— It  is  common  to  find  that  one  eye  has  more  H., 
more  M.,  or  more  As.,  than  its  fellow  ;  or  that  one  is 
normal,  while  the  other  is  ametropic.  When  the 
difference  is  not  more  than  is  represented  by  1"5  D., 
and  V.  is  good  in  both  (see  p.  237),  the  refraction 
may  with  advantage  be  equalised  by  giving  the 
glasses  which  correct  each  eye,  and  the  development 
of  divergent  squint  (p.  338,  3)  may  sometimes  be 
prevented  by  tbe  increased  stimulus  to  binocular 
vision  thus  given.  But  equalisation  is  seldom  pos- 
sible if  the  difference  be  greater,  tliougli,  especially 
in  myopic  cases,  advantage  is  sometimes  gained  by 
partial  equalisation.  On  the  other  hand,  some 
jjatients,  probably  those  who  do  not  possess  bino- 
cular vision,  will  not  permit  even  a  partial  equalisa- 
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tiou.  When  no  attemj^t  is  made  to  liarmonise  the 
eyes,  the  spectacles  ordered  should  suit  the  less 
ametropic  eje.  Often,  Avlieu  one  eye  is  E.  and  the 
other  M.,  each  is  used  separately  for  different 
distances,  and  both  remain  perfect ;  but  if  one  be 
As.  or  very  H.  it  is  generally  defective  from  want  of 
use. 

Contrary  to  wliat  might  be  expected,  anisometropia  is  seldom, 
if  ever,  corrected  by  unequal  action  of  the  two  ciliary  muscles. 

PRESBYOPIA  (Pr.) 

Presbyopia  (old  sight,  often  called  "long  sight") 
is  the  result  of  the  gradual  recession  of  p,  which  takes 
place  as  life  advances,  and  which  causes  curtailment 
of  the  range  or  amplitude  of  Acc.  (p.  25).  From  the 
age  of  ten  (or  earlier)  onwards,  is  constantly  re- 
ceding from  the  eye.  When  it  has  reached  9" 
(22  cm.),  i.  e.  when  clear  vision  is  no  longer  possible 
at  a  shorter  distance  than  22  cm.,  Pr.  is  said  to  have 
begun.  The  standard  is  arbitrary,  22  cm.  having 
been  fixed  by  general  agreement  as  the  j^oint  beyond 
which  p  cannot  be  removed  without  some  inconve- 
nience, the  point  W'here  age  begins  to  tell  on  the 
I^ractical  efScieucy  of  the  eyes  unless  glasses  are 
worn.  In  the  normal  eye  this  point  is  reached  soon 
after  forty,  and  the  rate  of  diminution  is  so  uniform 
that  the  glasses  required  to  bring  to  22  cm.  may 
often,  if  necessary,  be  determined  merely  from  the 
patient's  age.  But,  as  there  are  exceptions  to  this 
rule,  even  for  normal  eyes,  and  as  allowance  has  to  be 
made  for  any  error  of  refraction  (H.  or  M.),  it  is 
unsafe  in  practice  to  rely  upon  age  except  as  a  general 
guide. 

The  slow  failure  of  Acc,  causing  Pr.,  dep>ends  upon 
senile  changes  in  the  lens,  which  render  it  firmer 
and  less  elastic,  and  therefore  less  responsive  to  the 
action  of  the  ciliary  muscle.  There  can  be  little 
doubt,  however,  that  failure  of  the  ciliary  muscle 
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itself,  or  of  its  mutor  nerves,  also  forms  an  important 
factor  in  those  cases  (and  they  are  well  known) 
Avhere  Pr.  comes  on  earlier  or  mcn-o  quickly  than 
usual ;  but  it  is  a  curious  fact  1  hat  in  these  cases  of 
premature  Pr.,the  mobility  of  the  iris  is  not  affected 
(see  aUo  p.  258). 

As  Pr.  depends  on  a  natural  recession  of  the  near 
point,  it  occurs  in  all  eyes,  whether  their  refraction  be 
E.,  M.,  or  H.  In  M.,  however,  Pr.  sets  in  later  than 
in  a  normal  eye,  because  for  the  same  raiuje  of  Acc. 
the  reciion  is  always  nearer  than  in  the  normal  eye. 
In  H.,  on  the  contrary,  Pr.  is  reached  sooner  than  is 
normal,  because  for  the  same  ranye  of  Acc.  therecjion 
is  always  further  than  in  the  normal  eye.  Thus,  iu 
an  E.  eye  a  power  of  Acc.  =  4"5  D.  t^ives  a  range  from 
r  =  inliuity  to  =  22  cm.  (the  focal  length  of  4  5 
D.,  see  p.  25),  i.  e.  Pr.  is  just  about  to  begin  ;  at  set.  50, 
Acc.  =  2'5  £).,  and  p  =  40  cm.  (the  focal  length  of 
2'5  D.) .  In  a  case  of  M.  3  D.,  set.  50,  the  range  being 
=  2*5  D.,  the  region  of  Acc.  lies  between  33  cm.  (the  r 
for  this  eye)  and  18  cm.  (=  focal  length  of  3  +  2'5,  or 
5  5  D.)  ;  Pr.  has  not  yet  begun.  In  a  case  of  H.  3  D. 
with  4"5  D.  of  Acc.  3  D.  of  it  are  used  in  correcting 
the  H.,  i.  e.  in  bringing  r  to  infinity,  and  only  1'5  D. 
remains  ;  is  therefore  at  66  cm.  (=  focal  length  of 
4"5  —  3,  or  1"5  D.),  and  a  +  l<?iis  of  3  D.  is  needed 
to  bring  p  to  22  cm. ;  there  is  Pr.  =3  0.  The  only 
cases  in  which  Pr.  cannot  occur  are  in  M.  of  more 
than  4-5  D.  Thus  if  M.  =  7  D.,  r  is  at  14  em.,  and 
though,  with  advancing  years,  p  will  recede  to  14 
cm.,  it  cannot  go  further,  cannot  reach  22  cm.  ;  the 
patient,  who  never  could  see  at  a  greater  distance 
than  14  cm.,  has  simply  lost  the  power  to  see  at  a 
shorter  distance.  Fig.  120  shows  these  facts  in  a 
graphic  manner. 

Treatment. — Convex  spectacles  are  found,  by  the 
aid  of  the  Table  at  p.  332,  with  which  the  patient 
can  read  at  22  cm. 

In  practice  it  is  always  proper  to  examine  for  H. 
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or  M.,  by  taking  tlie  distant  vision,  and  trying  the 
patient  for  m.  R.  (p.  317)  and  M.  (p.  307).  If  m.  H. 
be  found,  arm  the  patient  Avitli  the  glass  wliich  neu- 
tralises it  and  makes  him  E.,  and  then  add  the  con- 
vex glass  that  should,  by  the  Table,  be  required  to 
bring  p  to  22  cm.  If  M.  be  found,  subtract  its 
amount  from  the  corresponding  convex  glass. 

Fig.  120. — Ttoeiiiii  :niil  mniro  (if  Arc.  in  E..  ^f..  miil  H. 
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The  uunil)rrs  mIohj,'  the  top  show  the  riin<j;e  uf  Aeo.  in  Dioptres 
from  infinity  ( cc )  (or  beyonil  it  in  H.)  to  15  D.  The 
numbers  beyotid  cc  n'])resent  Dioptres  of  Ace.  necessary  to 
correct  H.  Observe  that  the  range  of  Acc.  is  always  the 
same  at  the  same  age,  tliouirh  its  region  varies  witli  the 
refraction  of  the  eye. 

In  jirescribing  for  Pr.  we  must  often  order  rather 
less  than  the  full  correction.  For  instance,  if  Acc.  be 
almost  entirely  lost,  p  is  practically  removed  to  r, 
and  the  glass  which  will  bring  p  to  22  cm.  will  also 
bring  r  to  the  same,  or  nearly  the  same  point,  and 
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the  patient  will  be  able  to  see  clearly  only  justthe-re. 
Now,  22  cm.  is  too  n(,'ar  for  sustained  vision,  and 
such  patients  often  prefer  a  glass  which  gives  them 
a  near  point  of  from  30  to  40  cm.  (12"  to  16"),  though 
in  choosing  it  they  sacrifice  the  power  of  easily  read- 
ing very  small  print.  The  difficulty  experienced  by 
these  |>atients  in  reading  with  glasses  which  give 
p  —  22  cm.  depends  on  the  unaccustomed  strain 
thereby  thrown  on  the  internal  recti ;  and  it  may 
be  removed  or  lessened  by  adding  to  the  convex 
glasses,  prisms,  with  their  bases  towards  the  nose 
(Fig.  16)  ;  or  by  decentering  the  ordinary  convex 
lenses  inwards  (Fig.  17). 


Preshyojna  Table  for  Emmetro])ic  Eyes 


Age. 


Distance  of 


cm. 


Inches. 


40  22   9  

45  28  11  

50  43  17  

55  67  27  

60  200  72  

65  '   infinity   

70  [acquired  H.  =  l  D 

75   „        „  1-5  D 

80  '      „        „  2-5  D 
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CHAPTER  XXI 


8TKABI8MUS  AND  OCULAE  PAEALYSI8 

STEABI8MU8  exists  whenever  the  two  ejes  are  not 
fas  they  oioght  to  be)  directed  towards  the  same  ob- 
ject. The  eye  i«  "  directed  towards  "  an  object  when 
the  image  is  formed  on  the  most  sensitive  part  of  the 
retina  (the  yellow  spot;  ;  the  straight  line  joining  the 
centre  of  this  image  with  the  centre  of  the  object  is 
tlie  "  visual  axis  "  ( see  footnote  to  p.  34).  The  action 
of  the  ocular  muscles  is  normally  such  as  to  keep 
both  visual  lines  always  directed  to  the  object  under 
regard,  binocular  but  single  vision  being  the  result. 
Although  each  eye  receives  its  own  image,  only  one 
object  is  perceived  by  the  sensoriurn,  because  the 
images  are  formed  on  parts  of  the  retime  which  cor- 
respond" or  are  "identical  "  in  function,  i.  e.  which 
are  so  placed  that  they  always  receive  identical  and 
simultaneous  stimuli. 

But  if,  owing  to  faulty  action  of  one  or  more  of 
the  muscles, one  eye  deviate,  and  the  visual  lines  cease 
to  be  directed  towards  the  same  o>>ject,  the  image 
will  no  longer  be  formed  on  the  y.  s.  in  both  eyes. 
In  one  of  them  it  must  fall  on  some  other  and  non- 
identical  part  of  the  retina,  and  the  result  is  that 
two  images  of  the  same  object  are  seen  (Diplopia,  p. 
::io ).  In  Fig.  121  y  is  the  y.  s.  in  each  eye,  and  the 
visual  line  of  the  R.  eye  (the  thick  dotted  line;  de- 
viates inwards;  hence  the  image  of  the  object  (ob.) 
which  is  formed  at  y  in  the  L.  eye,  will  in  the  R.  eye 
fall  on  a  nou-identical  part  to  the  inner  side  of  y. 
Oh.  Avill  be  seen  in  its  true  j^osition  \ty  the  L.  eye. 
To  the  R.  eye,  however,  it  will  appear  to  be  at  F.  ob., 
Ifccause  the  part  of  the  R.  retina  which  now  receives 
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the  iinai^c  of  oh.  Avas  aecustoincd,  wlicii  the  eve  was 


Fig.  121. —  .SIkiws  tliu  ])ositi(m  of  tlie  double  iiniiijes  in  iliplojiia 
from  convergent  or  crossed  striibisnuis.  The  iniagt'S  are 
homonymous,  or  corresjioud  in  ])()sition  to  the  eyes. 


the  2^ositioii  of  F.  nh. ;  aud  in  consequence  of  tliis 
early  lialiit  F.  oh.  is  the  position  to  which  everv  image 
formed  on  this  part  of  the  retina  is  referred. 

Hence  if  the  eye  deviate  towards  its  fellow  (con- 
vergent squint— as  in  Fig.  121),  the  false  image  will 
seem  to  the  scpiiiiting  eye  to  be  in  tlie  opposite  di- 
rection ;  the  image  {F.  oh.)  for  the  R.  eye  being  re- 
ferred to  the  i^atient's  R..  and  that  for  the  L.  eye 
{oh.)  to  his  L.  ;  in  convergent  or  crossed  strabismus 
the  double  images  correspond  in  position  to  the  eyes, 
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ov  are  hoiiiouymtnis. — Similar  reasoning  will  show 
that  if  the  eve  deviate  away  from  its  fellow  (Fig.  12-2. 
divergent  squint),  the  position  of  the  donble  images 


VlO.  122. — Position  of  (loulile 
Tlio  iiiKi<ri-'> 


iiii;iirt's  ill  diviTgfut  strubismus. 
iiro  tTossetl. 


mnst  ho  reversed,  and  the  image  belonging  to  theR. 
eye  ajipear  to  l)e  to  the  left  of  the  other;  lieuee  in 
divergent  squint  the  donble  images  are  crossed. 

Since  tile  image  of  oh.  in  the  sqnintiug  (K.)  eye  is 
formed  on  a  port  ion  of  the  retina,  more  or  less  distant 
from  the  most  j)erfect  part  (the  y.  s.),  it  will  not 
appear  so  clear  or  so  bright  as  the  image  formeil  ar. 
the  y.  s.  of  the  sound  (or  "  workiiiLT  ")  eve;  it  is 
called  the  "  false"  image,  that  formed  in  the  working 
eye  being  tiie  "  true  "  one.  The  greater  the  deviat  ion 
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of  the  visual  line  (i.  e.  the  greater  the  squint)  the 
wider  apart  will  the  two  images  appear  and  the  less 
distinct  will  the  "false"  image  he. 

[The  y.  s.  (y)  of  the  squinting  (E..)  eye  will  receive 
an  image  of  some  different  object  lying  in  its  visual 
line  (shown  by  the  thick  dotted  line)  ;  this  image,  if 
sufficiently  marked  to  attract  attention,  will  be  seen, 
and  will  appear  to  lie  U2)on  the  image  of  ob.  seen  by 
tbe  "working"  (L.)  eye;  two  equally  clear  objects 
will  be  seen  superimposed.  But,  as  a  rule,  only 
one  of  these  images  is  attended  to,  the  perception 
of  the  other  being  habitually  suppressed,  even  sooner 
than  that  of  the  "  false  image  "  (p.  235)  ;  the  sup- 
pressed image  always  belongs  to  the  squinting  eye.] 

Squinting  is  not  always  accompanied  by  doiible 
vision  because: — (1)  if  the  deviation  be  extreme, 
the  false  image  is  formed  on  a  very  peripheral  part  of 
the  retina,  and  is  so  dim  as  not  to  be  noticed ;  con- 
versely, the  less  the  squint  the  more  troublesome  is 
the  diplopia,  when  present;  (2)  as  already  mentioned 
(p.  236),  after  a  time  the  "false  image"  is  sup- 
pressed ;  or  the  eye  may  have  been  very  defective 
before  the  squint  came  on. 

For  the  method  of  examining  for  strabismus  and 
diplopia,  see  pp.  33  and  36. 

Strabismus  may  arise  from  any  one  of  the  follow- 
ing muscular  conditions  : — (1)  over-action  ;  (2) 
weakness  following  over-use ;  (3)  disuse  of  an  eye 
whose  sight  is  imperfect ;  (4)  stretching  and  weaken- 
ing of  a  tendon  after  tenotomy  ;  (5)  from  paralysis 
of  one  or  more  of  the  muscles. 

Fuchs*  Las  lately  shown  that  considerable  variations  occur 
in  the  attachments  of  the  recti  and  obliqui  to  the  sclerotic. 
Such  variations  in  tlie  attachment  and  power  of  tlie  muscles  pro- 
bably operate  as  predisposing  causes  of  the  squint  in  groups 
1,  2,  and  3. 

(1.)  Over-action  of  the  internal  recti  gives  rise  to 

*  Fuchs,  '  Graefe's  Arch.,'  xxx,  abstracted  in  '  Oph.  Review,' 
vol.  iv,  143  (1885). 
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the  convergent  squint  of  hypermetropia  (p.  314). 
Occasionally  convergent  squint  occurs  in  myopia. 
Both  forms  are  concomitant  (p.  34),  but  in  cases  of 
long  standing  the  range  of  movement  of  the  squint- 
ing eye  is  often  deficient. 

(2.)  Strabismus  from  weakness  (muscular  asthe- 
nopia, pp.  244  and  299)  is  always  divergent,  depend- 
ing upon  relaxation,  or  absolute  weakening,  of  the 
inteimal  recti.  It  is  commonest  in  M.,  but  is  not 
infrequent  in  H.,  and  even  in  E.  This  form  of 
scjuint  sets  in  gradually,  with  difficulty  in  using  the 
eyes  for  long  together  for  reading,  &c.,  the  internal 
recti  not  being  able  to  keej)  up  convergence  ;  in  this 
stage  it  may  often  be  detected  by  covering  one  eye 
whilst  the  patient  looks  attentively  at  some  near 
object,  for  the  covered  eye  will  diverge  when  thus 
excluded  (latent  divergent  squint),  though  iu  the 
interest  of  binocular  vision  convergence  may  be 
maintained  for  a  short  time  when  both  eyes  are 
open.  Latent  divergent  strabismus  is  sometimes  a 
temporary  condition  due  to  over-use  of  the  eyes,  or 
want  of  general  vigour,  in  young  adults.  Anything 
which  lessens  the  importance  of  binocular  vision 
predisposes  to  divergent  squint,  e.  g.  defective  sight 
of  one  eye  from  au-iso-metropia.  Latent  divergence 
is  extremely  apt  to  jiass  gradually  into  manifest 
permanent  divergent  squint.  In  this  form  of  stra- 
bismus the  eye  can  be  moved  into  the  inner  canthus, 
even  in  extreme  cases,  by  making  the  patient  look 
sideways,  though  not  by  efforts  at  convergence,  and 
it  is  thus  but  rarely  that  the  cases  simulate  para- 
lysis. Tenotomy  of  the  external  rectus  and  even 
"advancement"  of  the  weakened  muscle  are  often 
needed.  In  slight  cases  the  symptoms  are  some- 
times quite  cured  by  wearing  prisms  with  their 
bases  towards  the  nose ;  but,  as  far  as  I  know,  one 
can  seldom  predict  success  with  any  certainty  from 
their  use.  One  of  the  most  troublesome  features  in 
muscular  asthenopia  is  its  great  variability  with  the 

22 
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patieiit's  state  of  health  ;  the  symptoms  sometimes 
disappear  entirely  in  a  bracing  climate,  returning  as 
soon  as  th(;  patient  comes  hack  to  his  less  invigorat- 
ing home  air. 

(3.)  Strahismns  from  disuse  is  also  nearly  always 
divergent,  depiMiding,  as  it  does,  on  relaxation  of  the 
internal  rectus.  It  occurs  in  cases  where  converg- 
ence is  no  longer  of  service,  as  when  one  eye  is  blind 
from  opacity  of  the  cornea,  or  other  cause,  or  where 
the  refraction  of  the  two  eyes  is  very  different  (p. 
328).  Tenotomy  of  the  external,  with  or  without 
advancement  of  the  internal,  rectus  may  be  per- 
formed. 

(4.)  Stretching  and  weakening  of  the  internal 
rectus  after  division  of  its  tendon  for  convei'gent 
squint  may  give  rise  to  divergence,  simulating  that 
caused  by  paralysis  of  the  internal  rectus.  The 
caruncle  in  these  cases,  however,  is  generally  much 
retracted,  and  this,  together  with  the  history  of 
a  former  operation,  will  prevent  any  mistake  in 
diagnosis.  Such  a  scjuint  can  always  be  lessened, 
and  often  quite  removed,  by  an  operation  for 
readjustment  or  advancement  of  the  defective 
muscle. 

(5.)  Paralytic  squint. — The  deviation  is  caused  by 
the  unopposed  action  of  the  sound  muscles.  When 
the  palsied  muscle  tries  to  act,  the  eye  fails,  in  pi*o- 
portion  to  the  weakness,  to  move  in  the  required 
direction.  In  many  cases  there  is  only  slight  paresis, 
and  the  resulting  cleviation  is  too  little  to  be  objec- 
tively noticeabh.' ;  but  in  such  cases  the  diplopia,  as 
mentioned  already,  is  very  troublesome,  and  it  is  for 
this  symptom  that  the  patient  comes  under  care. 
Further,  in  these  slight  cases,  the  symptoms  often 
vary  with  the  effort  made  by  the  patient.  In  para- 
lysis of  the  third  nerve,  the  several  branches  are 
often  affected  in  different  degrees,  and  the  strabismus 
and  di]ilopia  are  then  complex.  When  paralysis  of 
any  ocular  muscle  is  of  long  standing,  secondary 
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ooutraction  of  the  oppoueut  seems  sometimes  to 
occur,  and  complicates  the  symptoms.  Further  clifti- 
ouUy  in  diagnosis  is  occasionally  caused  by  the 
sound  voke-fellow*  of  the  ])aralyaed  muscle  actinsj; 
too  much,  in  obedience  to  efforts  made  by  the  latter ; 
when  this  happens  the  squint  will  sometimes,  even 
when  both  eyes  are  uncovered,  affect  the  sound 
instead  of  the  paralysed  eye,  i.  e.  it  will  alternate. 
{Compare  Secondary  squint,  p.  33.) 

The  commonest  forms  of  pai'alytic  squint  are  due 
to  affection,  separately,  of  the  external  rectus  (sixth 
nerve),  superior  oblique  (fourth  nerve),  or  of  one  or 
all  of  the  muscles  supplied  by  the  third  nerve  (in- 
ternal, superior  and  inferior  recti,  inferior  oblique, 
levator  palpebrfB).t 

Paralysis  of  the  external  rectus  (si.vih  nerve)  causes 
a  convergent  squint,  from  preponderance  of  the  in- 
ternal rectus,  which,  except  in  the  sliirhtest  cases,  is 
usually  very  uotireable.  Movement  stra'ght  outwards 
is  inipaii'ed,  and  if  the  paralysis  be  complete  the  eye 
cannot  be  moved  outwards  beyond  the  middle  line  of 
the  palpebral  fissure.  There  is  homonymous  dijjlopia; 
the  two  images,  when  in  the  horizontal  plane,  are  up- 
right and  on  the  same  level;  the  distance  between 
them  increases  as  the  object  is  moved  towards  the 
paralysed  side,  but  it  diminishes,  or  the  images  even 
coalesce,  in  the  opposite  direction.  Thus  in  paralvsis 
of  the  left  external  rectus  (Fig.  123,  uppermost 
■figure),  the  images  separate  more  as  the  object  is 
moved  to  the  jiatient's  left,  but  approach  one  another, 
and  finally  coalesce,  as  it  is  moved  over  to  his  right. 
In  slight  cases  the  diplopia  ceases  when  the  patient 
looks  at  an  olijeet  a  few  inches  off,  but  reappears 

*  Yoked  or  coiijui^ato  muscles  are  tliu  muscles  of  op])osite 
eyes  wliicli  act  together  in  ijroducing  lateral  and  vertical  move- 
ments ;  e.  ff.  the  internal  rectus  of  one  eye  acts  with'the  external 
rectus  of  the  other  in  movement  of  the  eyes  to  the  K.  or  L. 

t  bi  77  cases  of  ])aralysis  of  a  single  oculo-motor  nerve  I 
found  the  third  nerve  affected  in  :}1  cases,  tlie  Tourth  in  9, 
and  the  sixth  in  37. 
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Avheii  he  gazes  straight  forwards  at  a  distant  object. 
In  the  upper  part  of  the  field  the  false  image  is  some- 
times lower,  and  in  the  lower  part  of  the  field  higher 
than  the  true  one.  I  have  many  times  noticed  thai 
the  ])upil  is  larger  in  the  affected  eye  than  in  the 
other,  a  condition  which  we  should  not  expect. 

In  i)araliisiH  of  the  superior  oblique  (fourth  nerve) 
there  is  eitiier  no  visible  squint,  or  only  a  slight  de- 
viation u[)warJs  and  inwards.  But  when  the  eyes 
are  directed  below  the  horizontal,  very  troublesome 
diplo))ia  arises  from  the  defective  downward  and  out- 
ward movement,  and  loss  of  rotation  of  the  vertical 
meridian  inwards,  to  which  the  lesion  gives  rise. 
In  downward  movements,  esj)ecially  downwards  and 
towards  the  2)aralysed  side,  the  eye  remains  a  little 
higher  than  its  fellow ;  in  trying  to  look  straight 
down  (inferior  rectus  and  superior  oblique)  the  un- 
opposed action  of  the  inferior  rectus  carries  the 
cornea  somewhat  inwards  (convergent  squint),  and  at 
the  same  time  rotates  the  vertical  axis  outwards, 
whilst  the  cornea  remains  on  a  rather  higher  level 
than  its  fellow;  in  following  an  object  from  the  hori- 
zontal middle  line  down-outwards,  it  will  be  seen  that 
the  vertical  meridian  of  the  cornea  does  not,  as  it 
should,  become  inclined  inwards. 

In  many  cases,  however,  the  slight  defects  of  move- 
ment caused  by  paralysis  of  the  superior  oblique  are 
not  clearly  marked,  and  the  diagnosis  has  to  be  based 
on  the  characters  of  the  diplopia  {compare  ]}.  36).  In 
all  positions  below  the  horizontal  line  the  false  image 
is  below  the  true  one,  and  displaced  towards  the 
paralysed  side  (homonymous)  ;  thus,  if  the  R.  muscle 
be  at  fault,  the  false  image  will  be  below  and  to  the 
patient's  R.  (Fig.  123,  arrow-bead  figure)  ;  further, 
it  is  not  upright,  but  leans  towards  the  true  image. 
The  difference  in  height  between  the  images  is 
greatest  in  movements  towards  the  sound  side;  the 
lateral  separation  is  greater  the  further  the  object  is 
moved  downwards  ;  th(^  leaning  of  the  false  image  is 
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greatest  in  movemeuts  towards  the  paralysed  side. 
When  the  patient  looks  on  the  floor,  i.  e.  projects  the 
images  on  to  a  horizontal  surface,  the  false  image 
seems  nearer  to  him  than  the  true  one.  The  images 
are  always  near  enough  together  to  cause  incon- 
venience, and.  as  the  diplopia  is  confined  to,  or  is 
worst  in,  the  lower  half  of  the  field,  the  half  most 
used  in  daily  life,  paralysis  of  the  superior  oblique 
is  very  annoying,  especially  in  going  up  or  down 
stairs,  in  looking  at  the  floor,  counting  money, 
eating,  etc. 


Fig.  123. — Chart  showini;  position  of  double  images,  as  seen  by 
the  patient,  in  paralysis  of  L.  e,\ternal  rectus  and  E.  supe- 
rior oblique. 

Paralysis  of  the  third  nerve,  when  complete,  causes 
ptosis,  loss  of  inward,  upward,  and  downward  move- 
meuts, loss  of  accommodation,  and  partial  mydriasis, 
well-marked  divergent  strabismus  from  unopposed 
action  of  the  external  rectus,  and  crossed  diplopia. 
The  downward  and  outward  movement,  with  rotation 
of  the  vertical  meridian  inwards  effected  by  the 
superior  oblique,  remains.  The  mydriasis  is  much 
less  than  that  iiroduced  by  atropine.  In  many  cases 
the  paralysis  is  incomplete,  affecting  some  branches 
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(and  muscles)  more  than  others,  and  the  symptoms 
are  then  less  ty])ical.  Isolated  paralysis  of  a  single 
third  nerve-muscle  is  rai'e. 

Peculiarities  of  paralytic  s(rahisinus.~(l.)  If  a 
patient  s>jft'erin<^r,  e.  g.  from  ]«iresis  of  one  external 
rectus,  look  at  an  object  distant  about  two  feet,  and 
the  sound  eye  be  then  covered  by  holding  a  card  (or 
a  piece  of  ground  glass)  before  it,  the  paralysed  eye 
will  make  an  attempt  (more  or  less  successful  ac- 
cording to  the  degree  of  palsy)  to  look  at  the  object. 
The  movement  ett'ected  will  call  for  a  greater  eifort 
than  if  the  sixth  nerve  were  healthy,  and  as  the  eye 
muscles  always  work  in  pairs,  the  same  effort  will 
be  transmitted  to  the  internal  rectus  of  the  healthy 
eye.  The  latter  will,  in  consequence,  describe  a 
larger  movement  than  the  paralysed  eye,  i.  e.  the 
secondary  squint  will  be  greater  than  the  primary 
(p.  36).  This  test  is  sometimes  of  use  in  distin- 
guishing which  is  the  faulty  eye,  in  cases  where  the 
squint  is  slight,  and  the  patient  unable  to  distin- 
guish between  the  false  and  true  images  (p.  36). 
(2.)  Giddiness  is  often  present  when  the  patient 
walks  with  the  sound  eye  closed.  This  symptom 
depends  on  an  ei'roueous  judgment  of  the  position 
of  surrounding  objects,  which  is  caused  by  the 
weakened  muscle  not  being  able  to  achieve  a  move- 
ment of  the  eye  coi'responding  in  magnitude  to  the 
effort  made.  It  is  absent  when  l)oth  eyes  are  open, 
and  when  the  paralysed  eye  is  covered.  It  often 
helps  us  more  than  does  the  former  symptom  in 
determining  which  is  the  faulty  eye  ;  but  it  varies 
much  in  severity  in  different  cases,  and  may  be  quite 
absent.  Patients  with  ocular  palsy  often  keep  one 
eye  closed,  nearly  always  the  paralysed  one,  to  avoid 
diplojDia. 

Paralysis  of  the  ocular  muscles  is  seldom  symme- 
trical ;  in  the  rare  cases  where  it  is  so,  the  disease  is 
usually  intracranial.  In  uncomplicated  symmetrical 
"  ophthalmoplegia  externa  "  (pai-alysis  of  all  the  ex- 
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ternal  muscles,  the  iris  aucl  ciliary  muscle  escaj^ing), 
the  disease  is  usually  nuclear,  whilst  in  cases  of 
symmetrical  disease  of  oculo-motor  nerve-truuks, 
both  external  and  internal  muscles  are  paralysed  : 
but  even  in  nuclear  ophthalmoplegia  the  disease  may 
spread  forwards  and  attack  the  centres  for  the  iris 
and  ciliary  muscle,  and  the  differential  diagnosis 
may  then  be  exceedingly  difficult  to  make.  In  the 
later  stages  of  nuclear  ophthalmoplegia,  other  cranial 
nerves  (especially  the  optic  and  fifth)  may  be  in- 
volved, and  symptoms  of  spinal  or  bulbar  disease  be 
present  (p.  348). 

It  is  believeil,  as  the  result  c-hicfly  of  experiments  by  Heuseu 
and  Volckcrs,  tlint  there  are  sepai'ate  centres  for  difierent  parts 
of  tlie  third  (and  fourtli)  nerve  in  the  Hoor  of  the  aqueduct  of 
Sylvius;  most  anteriorly  is  the  centre  for  accommodation,  next 
that  for  the  sphincter  of  the  ]inpil,  next  for  the  internal  recti 
(c(jnvergence),  and  further  back  those  for  the  other  ocular 
muscloj.^  It  lias  also  been  made  out  that  there  is  a  direct  con- 
nexion between  the  nucleus  of  the  sixth  nerve  on  one  side,  and 
part  of  the  filiros  of  the -third  and  fourth  of  the  op])osite  side,  an 
arrano:ement  which  may  explain  tjie  association  of  the  external 
rectus  of  one  eye  with  the  internal  of  the  other  in  looking  side- 
ways. Mavithner  suggests  that  the  limitation  of  nuclear  ocular 
l)alsit^  to  the  external  muscles  in  some  cases,  and  to  the  internal 
muscles  in  others,  may  be  explained  by  vascular  supply;  the 
centres  for  accommodation  and  pupil  being  fed  by  the  posterior 
communicating  artery,  the  centres  for  the  external  muscles  by 
the  posterior  cerebral. 

Affections  of  the  Internal  Muscles  of  the  Eyeball 

PflfpmMl/affical  outline. — The  nerves  of  the  iris  are  : — a.  The 
third  for  corrtraction  of  the  jnijiil ;  h,  the  cervical  .sympathetic 
for  its  dilatation,  and  V,  the  fifth  supplying  sensory  fibres.  The 
sympatlu.'tic  ftljres  (h)  come  from  the  cord  probably  through  the 
anterior  root  of  the  second  drn-sal  nerve,  and  reach  the  eye;— 

(1)  through  the  Gasseiian  ganglion  from  the  carotid  plexus; 

(2)  through  the  lenticular  ganglion  from  the  cavernous  plexus  ; 

(3)  it  is  stated  that  sympathetic  (dilator)  fibres  accompany  the 
fifth  lun-ve  directly  fnnn  its  origin. — The  ciliary  muscle  has  not 
hitherto  Ijeen  thought  to  contain  any  nerve-fibres  corresponding 
to  tlie  dilator  nerves  of  the  iris,  but  it  is  now  thought,  by  Jessop, 
that  such  fibre-s,  capable  of  causing  complete  rela.xation,  are 
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present  in  the,  \ou^  ciliary  nerves.  The  filmnents  of  the  fifth  (c), 
form  (1)  the  loiii^r  root  of  the  lentieuliir  },'iinf,'lion  (wliieli  f^ives 
off  tlie  short  ciliary  nerves)  ;  (2)  the  loiifj  ciliaries,  two  or  three 
in  number,  in(le|iendent  of  the  pmtrlion. — The  liunian  iris 
contains  a  circular  (s])hincter)  unstri])eil  muscle  close  to  the 
lin])il  ;  hut  there  seems  to  he  no  dilator  muscle,  the  thin  layer 
of  radiatiuf^  fihrous  structure  with  stall'-shaiied  nuclei,  which 
lies  immediately  h.-ueath  (/.  f.  in  front  of)  the  uveal  layer,  bein^' 
]irohahly  only  clastic.* 

If  the  third  nerve  he  divided,  or  ])Mralysed,  the  iiiii)il  dilates 
modei'ately  (never  extremely)  and  heconies  motionless  to  lipht 
and  acconnnodatioii,  and  a<'comm(>dation  is  lost. — Of  contraction 
of  ]ju]iil  and  spasm  of  acconnnodation  from  irritation  of  the 
nerve,  we  have  little  clinical  linowled^'c ;  but  experimental 
stimulation  of  the  in^rve  jii-oduces  those  effects. — Section,  or 
]iaralysis,  of  tin;  cervical  sympathetic  causes  some  contraction  of 
l)n]iil,  ami  destroys  its  jiowei-  of  dihitint,--  when  shaded;  stimu- 
lation of  it,  or  of  the  anterior  root  of  the  second  dorsal  (in  m<Mi- 
keys,  Fei-i'ier),  causes  widl-marked  dilatation,  which,  however, 
is  less  than  that  duo  to  atropine;  iri'itation  of  the  skin,  stimu- 
lating,' the  dilator  nerve,  causes  slijjht,  inomentai-y  dilatation. 

All  the  (lru^^s  which  act  upon  tlie  iris,  act  on  the  ciliary 
muscle  too,  hut  the  iris  is  effected  sooner,  for  a  loiig-er  time  and 
by  weaker  solutions  than  the  ciliai-y  muscle. 

Atrojiinet  dilates  the  jnijiil  and  ])ai-alyses  the  acconnnodation  ; 
its  elfect  on  the  pu])il  in  old  jjeojile  is  often,  and  in  children 
sometimes,  lessened  ;  the  mydriasis  of  atro])ine  is  greater  than 
that  due  to  i)aralysis  of  third  nerve,  hut  is  somewhat  increased  if 
tlic  third  nerve  be  cut.  It  acts  in  old  standing  ))aralysis  of  iris 
(third  nerve)  and  of  cervical  sym))athetic,  hut  in  both  conditions 
the  mydriasis  is  apt  to  be  rather  less  than  full ;  the  mydriasis  is 
said  to  be  rather  increased  by  stimnlating  the  long  ciliary 
nerves,  and  diminished  by  cutting  the  fifth.;]; — Atropine  dilates 
the  pupil  of  a  freshly  excised  (rabljit's)  eye,  and  of  the  eye  of 
an  animal  bled  to  death,  and  it  acts  a  little  if  put  on  to  the 
human  eye  very  soon  after  death. — From  the  above  it  is  inferred 
that  atro])ine  acts  directly  ujKjn  the  mnscidar  fibres,  ])aralysing 
them,  and  not  n])on  the  nerve-fibres.  Atro])iiie  does  not  act 
njion  the  iris  of  birds  (containing  striped  muscle). 

*  The  different  views  that  have  been  held  by  various  anato- 
mifts  as  to  tlie  nature  of  this  layer  (Ilenlc's  layer),  show  that 
the  (piestion  is  exceedingly  difficult  to  decide  on  microsco))ical 
evidence  alone. 

+  And  all  the  mydriatics  exce]it  cocaine. 

X  The  relation  of  the  fifth  nerve  to  the  iris  is  evidently  not 
yet  fully  understood. 
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Eseriiie*  contracts  the  pupil  ami  causes  spasm  of  accommo- 
ilation;  it  lias  tlie  same  action  in  long  standing  paralysis  of  iris 
(third  nerve),  and  after  section  of  the  third  nerve  and  of  the  sym- 
pathetic ;  it  has  very  little  efPect  if  atropine  have  been  used, 
bnt  it  immediately  overcomes  the  mydriasis  of  cocaine. — 
Eserine  therefore  probably  acts  directly  on  the  muscular  fibres, 
stimnlatiug  them. 

Cocaine  dilates  the  pu]»il,  but  does  not  prevent  its  action  to 
light  and  accommodation,  and  has  but  little  action  on  the 
ciliary  muscle ;  hence  it  does  not  act  by  paralysing  either  the 
third-nerve  fibres  or  the  muscular  fibres.  It  causes  further 
dilatation  of  a  pupil  dilated  by  atropine  or  by  section  of  third 
nerve;  whilst  it  does  not  dilate  the  pu])il  if  the  cervical  sympa- 
thetic have  been  cut  or  paralysed  for  some  little  time.  It  also 
causes  retraction  of  the  eyelids  and  contraction  of  the  superficial 
blood-vessels  of  the  eye.  Hence  cocaine  probably  acts  by 
stimulating  the  sympiithetic  nerve-fibres.  (Consult  Michael 
Foster's  '  Physiology ; '  Ferrier,  '  Functions  of  Brain  '  (2nd 
edit.),  and  '  Pioc.  of  Roy.  Soc'  1883;  Gowers,  '  Diseases  of 
Nervous  System,'  vol.  i;  Jessop,  '  Proc.  of  Roy.  Soc.,'  1885-6; 
Marshall,  '  Lancet,'  1885,  ii,  280;  Author's  own  cases.) 

The  following  forms  of  j^aralysis,  or  altered  inner- 
vation, of  ins  and  ciliary  muscle  agree  tolerably  with 
the  aljov.e  physiological  facts  : 

A.  Pupil  alone.  —  (1.)  Paralysis  of  dilatation  : 
Pupil  in  good  light,  ec^ual  to  or  smaller  than  the 
other;  but  when  shaded,  dilates  little,  if  at  all,  so  that 
in  dull  light  it  is  much  the  smaller  {paralytic  miosis)  ; 
accommodation  not  affected.  This  uncommon  con- 
dition is,  when  well  marked,  genei'ally  one  sided,  and 
due  to  paralysis  of  cervical  sympathetic  by  pressure, 
e.  (J.  by  aneurysm  or  tumour  at  the  root  of  the  neck, 
or  injury  to  the  Virachial  plexus ;  it  should  therefore 
always  lead  to  careful  examination.  A  degree  of 
miosis  and  non-dilatability  of  pupils  is  common  in 
old  age.  (2.)  The  opposite  state  (spasmodic  my- 
driasis) is  very  rare  as  a  permanent  sym[:itom,  though 
temporary,  varying  dilatation  of  one  pupil  is  some- 
times seen  in  young  or  neurotic  persons.  Persistent 
spasmodic  mydriasis  is  said  to  occur  in  the  early 
(irritative)  stage  of  lesions,  which  afterwards  pro- 
*  And  ))ilocarj)iiie. 
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tluce  paralytic  miosis  ;*  in  this  state  we  should 
expect  the  pupil,  though  dilated,  to  act  both  to  light 
and  to  accommodation,  as  after  cocaiue.  (3.)  Of 
l)aralytic  mydriasis  d^aralysis  of  third-nerve  fibres  of 
the  sphincter  muscle)  without  paralysis  of  accom- 
modation we  know  but  little,!  except  in  a  slight 
degree  as  a  residue  after  recovery  from  the  double 
condition  (paralysis  of  sphincter  iridis,  and  ciliary 
muscle),  the  pupil  ofteu  not  recovering  so  well,  or  so 
soon,  as  the  accommodation  (compare  the  action  of 
the  drugs  above  given).  (4.)  Paralysis  of  iris  {irido- 
jjlegia),  without  defect  of  accommodation,  usually 
affects  only  the  action  to  light  (reflex  iridoiAegia) , 
the  associated  action  reniainiug.  It  occurs  as  a  very 
early  symptom  in  locomotor  ataxy,  and  sometimes 
without  auy  other  symptoms  of  that  disease,  and 
should  always  lead  to  full  investigation.  It  is  pro- 
bably due  to  degeneration  in  that  part  of  the  nucleus 
of  the  third  which  presides  over  the  reflex  action 
of  the  pupil. 

B.  Paralysis  of  accommodation  alone  (cycloj)legia} 
is  often  seen  after  dijjhtheria.  It  is  often  incomplete, 
and  the  pupils  are  usually  unaffected ;  but  if  the 
cycloplegiabe  complete  there  is  sometimes  mydriasis. 
In  ataxy  there  is  occasionally  cycloplegiaAvith  a  pupil 
active  to  light.  Accommodation  is  sometimes  quite 
lost  without  any  alteration  of  pupil  in  what  is 
spoken  of  as  premature  presbyopia,  but  this  is 
not  called  cycloplegia,  not  being  supposed  to  be 
])aralytic. 

c.  Ciliary  muscle  ami  iris  affected. — (1)  Cyclo- 
plecjia  with  mydriasis ;  loss  of  accommodation  and 
pupil  dilated  to  aboiit  5  mm.  and  motionless  ;  the 
ordinary  condition  in  complete  paralysis  of  third 

*  Gowers,  '  Dis..  of  Nervous  Sys.,'  i,  152.  I  can  liear  very 
little  of  this  syini)toni  from  ])]iysieiiiiis,  and  I  have  only  once 
seen  anything  of  the  kind. 

t  See  several  eases  reported  by  the  author  in  '  Ophth.  Hosp. 
I'eports,'  vol.  xi,  iii,  pp.  260 — 264-. 
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nerve.  It  is  now  and  then  seen  without  failure  of 
any  other  part  of  the  third  nerve,  and  the  pupil  may 
then  be  quite  widely  dilated.  When  an  old  person 
gets  parah^sis  of  the  third,  the  pupil  is  often  very 
little  dilated.  (2)  Total  iridoplegia,  with  cyclo- 
plegia  ("  ojMhalvwpleyia  interna  ")  ;  accommodation 
lost  ;  pu])il  motionless  to  reflex  and  associated 
stimuli,  and  of  medium  size  ;  this  is  sometimes  a 
later  stage  of  (a.  4),  but  it  may  be  pi'imary  ;  the 
paralysis,  both  of  iris  and  ciliary  muscle,  is  often  in- 
complete. In  |)aralysis  of  sixth  nerve,  the  jmpil  of 
the  paralysed  eye  is  often  rather  larger  than  that  of 
the  other. 

Causes  of  ocvlar  ■paralysis. — It  is  convenient  to 
separate  the  external  and  mixed  forms  from  those  in 
which  only  the  internal  muscles  are  involved,  since 
the  local  lesions  are,  as  a  rule,  different  in  the  two 
groups. 

Paralysis  of  the  third,  fourth,  or  sixth  nerve,  may 
be  the  result  of  tumours  or  other  growths  in  the 
orbit,  but  in  such  cases,  as  a  rule,  the  paralysis 
forms  only  one  amongst  other  well-marlved  local 
symptoms.  In  the  vast  majority  of  uncomplicated 
ocular  palsies  we  are  quite  unable  to  decide,  either 
from  the  state  of  the  eye,  or  the  orbital  parts, 
whether  the  lesion  be  in  the  orbit  or  within  the  cra- 
nium. Meningitis,  morbid  growths,  and  syphilitic 
periostitis  at  the  base  of  the  skull,  or  involving  the 
sphenoidal  fissure,  often  cause  ocular  palsy,  seldom 
confined  to  one  nerve,  and  aneurysm  of  the  internal 
carotid  in  the  cavernous  sinus  occasionally  does  so. 
Syphilitic  gumma  of  the  nerve-trunk  is  probal)lv 
the  commonest  cause  of  single  paralysis ;  the  intra- 
cranial portion  of  the  nerves  is  known  to  be  often  the 
seat  of  such  growths,  but  small  neural  gummata  pro- 
bably occur  also  on  the  orbital  part  of  the  nerves. 
Injuries  to  the;  head  often  cause  oculai  paralysis : 
the  [laralysis  is  usually  noticed  very  soon  after  the 
accident,  and  is  proliably  always  a  sign  of  fracture  of 
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the  base  involving  the  middle  fossa,  or  of  some  part 
of  the  walls  of  tlie  orbit.  Direct  damiige  to,  or  thick- 
eiiiiig  subsequent  to  fracture  near,  the  pulley,  seems 
to  account  for  some  cases  of  traumatic  j^aralysis  of 
the  su])erior  ol)lique.  Pain  in  tlie  temple  or  front  of 
the  head  is  very  common  in  ocuhir  palsies  due  to 
periostitis  and  gummata.  In  certain  cases  neither 
the  symptoms  nor  history  enable  us  to  locate  the 
seat,  or  j»rove  the  (;ause  of  the  paralysis  ;  the  term 
"rheumatic"  is  often  applied  to  such  cases,  on  the 
assumption  that  (he  i)alsy  is  i>eripheral  and  caused 
by  r,o\d,  that  it  is,  in  fact,  to  be  compared  to  peri- 
pheral paralysis  of  the  facial  nerve ;  no  doubt  some 
of  these  are  in  regality  syphilitic.  Paralysis  usually 
of  short  duration  and  affecting  only  one  nerve,  is  not 
uncommon  at  an  early  stage  of  locomotor  ataxy. — 
Oj»hthalmoplegia  externa  generally  sets  in  slowly, 
is  bilaterally  symmetrical  and  ijermauent ;  it  usually 
indicates  sclerotic  disease  of  the  nerve  centres, 
often  caused  by  syphilis  ;  but  it  is  sometimes  caused 
by  tumour  centrally  placed,  or  by  symmetrical 
gummata  on  nerve-trunks.  Occasionally  ocular 
palsies  are  "  functional,"  or  occur  in  company  with 
symptoms  apparently  of  hysterical  nature,  and 
pass  off.  Paralysis  of  oculo-motor  muscles  is  in 
rare  cases  congenital,  and  occurring  in  several 
members  of  the  same  family.  These  cases  are 
perhaps  of  the  same  nature  as  those  of  congeni- 
tal ptosis,  absence,  or  imjierfect  development  of 
muscles.  Occasionally  paralysis  of  oculo-niotor 
nerves  from  birth  has  been  attributed  to  instru- 
mental labour. 

In  i-espect  to  the  causation  of  the  jiurely  internal 
])aralyses  we  have  but  little  positive  knowledge.  My- 
driasis with  cycloplegia  and  no  other  paralysis,  would 
be  accounted  for  by  disease  of  the  short  (third  nerve) 
root  of  the  lenticular  ganglion.  Iridoplegia  and 
ophthalmoplegia  interna  ai'e  probably  the  result  of 
chronic,  very  strictly  localised,  disease  of  the  centres 
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for  the  pupil  and  accommodation  (Growers),  which 
have  been  shown  to  form  sejiai-ate  ])arts  of  the 
nucleus  of  the  third  nerve.  Complete  ophthalmo- 
plegia interna  would  also  be  expected  if  the  lenticular 
ganglion  (Hutchinson),  or  the  intraocular  ganglionic 
cells  of  the  choroid  (Hullce),  were  disorganised  ;  but 
such  changes  have  not  yet  been  jjroved  post  mortem. 
Paralysis  from  blows  on  the  eye  is  referred  to  at 
p.  153.    {See  also  Diphtheria,  Chap.  XXIII.) 

Treatment  of  ocular  parah/ses. — In  estimating  the 
results  of  treatment  it  is  well  to  remember  that  some 
cases  recover  s2)ontaueously,  that  in  many  the  defect 
is  a  paresis  ratber  than  paralysis,  and  that  in  the  latter 
cases  the  symptoms  often  vary  in  severity  from  day 
to  dav,  or  even  whilst  under  observation  at  a  sino-le 
visit,  according  to  the  attention  given  and  effort  made 
by  the  patient.  The  questions  of  syphilis  and  of 
injury  to  the  head  must  always  be  carefully  inquired 
into,  especially  when  only  one  nerve  is  paralysed. 
When  several  nerves  are  involved, tumour,  aneurysm, 
or  syjjhilis  (either  gummatous  inflammation  at  the 
base,  or  sclerotic  nuclear  disease)  are  to  be  suspected. 
Iodide  of  potassium  and  mercury  are  the  only  internal 
remedies  likely  to  be  beneficial,  and  unless  sy2)hilis 
be  quite  out  of  the  cjuestion  they  should  have  a  full 
trial  ;  many  cases  recover  quickly  under  moderate 
doses  of  iodide.  Faradisation  of  the  paralysed 
muscles  is  sometimes  used.  Operation  for  para- 
lytic squint  of  old  standing  may  sometimes  be 
undertaken.* 

Nystuiimus  (involuntary  oscillating  movement  of 
the  eyes)  is  generally  associated  with  serious  defect 
of  sight  dating  from  very  early  life,  such  as  opacity 
of  the  cornea  after  oi)hthalmia  neonatorum,  con- 
genital cataract,  choroido-retinitis,  or  disease  of  the 
optic  nerve.  It  is,  however,  also  seen  in  cases  of 
infantile  amblyopia  without  apparent   cause,  and 

*  Rules  for  o)ierntii)iis  for  ])aralyti<'  s(|uiiit  liave  been  laid 
down  by  Alfred  Gniefe  (' Arcli.  f.  Oph.,'  3,  179). 
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constantly  in  albinoes.  Nystagmus  is  often  de- 
veloped during  adult  life  in  coal  miners ;  it  has  beeu 
attributed  to  the  insufficiency  of  light  furnished  by 
the  safety  lamps,  and  Avith  more  probaljility  to  the 
necessity  which  the  miner  is  under  of  constantly 
looking  in  an  unnatural  direction,  upwards  or  side- 
ways, for  example.  It  is  often  present  only  when 
the  collier  takes  up  his  mining  ])Osture.  Nystagmus 
also  occurs  as  a  symptom  in  some  cases  of  dissemi- 
nated sclerosis,  and  in  otlier  forms  of  central  nervous 
disease. 

Usually  both  eyes  oscillate,  but  when  only  one 
eye  is  defective,  it  alone  may  oscillate. — The  move- 
ments in  nystagmus,  whatever  may  be  the  cause  of 
the  condition,  vary  much  in  rapidity,  amplitude  and 
direction  in  different  cases,  and  even  in  the  same 
<;ase  at  different  times ;  they  are  generally  worse 
when  the  patient  is  nervous,  and  often  there  is  a 
particular  position  of  the  eyes  in  which  the  oscillation 
is  least.  Nystagmus  often  becomes  much  less 
marked  as  life  advances.    Treatment  is  useless. 
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CHAPTEE  XXII 

OPERATIONS 
A.  OPERATIONS  ON  THE  EYELIDS 

1.  Epilation  of  eye-lashes. — Position:  patient  seated; 
siirgeon  standing  behind.  The  forcej^s  to  be  broad- 
ended,  with  smooth,  or  very  finely  roughened,  blades 
■which  meet  accurately  in  their  whole  width.  .  Stretch 
the  lid  tightly  by  a  finger  jilaced  over  each  end.  Pull 
out  the  lashes  at  first  quickly  in  bundles,  and  finish 
bv  carefully  lacking  out  the  separate  ones  that  are 
left. 

2  Eversion  of  upper  lid. — Position  as  for  1,  or  the 
surgeon  may  stand  in  front.  The  patient  looks 
down,  a  probe  is  laid  along  the  lid  above  the  ujjper 
edge  of  the  "cartilage;"  the  lashes,  or  the  edge  of 
the  lid,  are  then  seized  by  a  finger  and  thumb  of  the 
other  hand,  and  turned  up  over  the  probe,  which  is 
simiiltaneously  pushed  down.  After  a  little  i:>ractice 
the  probe  can  be  dispensed  with,  and  the  lid  everted 
by  the  forefinger  ancl  thumb  of  one  hand  alone,  one 
serving  to  fix  and  depress  the  lid,  the  other  to  turn 
it  upwards. 

3.  Removal  of  Meibomian  cyst. — Position  as  foi'  1. 
Instruments :  a  small  scalj^el  or  Beer's  knife  (Fig. 


Pig.  124. — Meibomian  scoop. 

160)  and  a  curette,  or  small  scoop ;  (Fitrs.  124  and 
156).  (1)  Evert  the  Hd ;  (2)  make  a  free  crucial 
incision  into  the  tumour  from  the  conjunctival  sur- 
face ;  (3)  remove  the  growth,  either  by  squeezing  the 
lid  between  finger-  and  thumb-nail,  or  by  means  of 
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the  scoop.  The  cavity  fills  with  blood,  and  may 
thus  for  a  few  days  be  larger  thau  before.  These 
tumoui's  have  no  distinct  cyst-wall. 

4.  Inspection  of  cornea  in  purulent  ophthalmia,  &c. 
Position  :  if  the  patient  l>e  a  baby  or  child,  the  back 
of  its  head  is  to  be  held  between  the  surgeon's 


Fio.  125. — Dosiiuirrcs'  lid  elevator. 


knees,  its  body  and  legs  being  on  the  nurse's  lap  ;  if 
an  adult,  the  same  as  for  1.    If  the  lids  cannot  be 

easily  separated  by  a  finger 
of  each  hand,  enough  to  alloAV 
a  vicAv  of  the  cornea,  retrac- 
tors should  be  used  (a  con- 
venient pattern  is  shown  in 
Jj'ig.  125),  by  which  one  lid, 
or  both,  can  be  raised  and 
held  away  from  the  globe. 
If  this  instrument  be  gently 
used  we  avoid  all  risk  of 
causing  perforation  of  the 
cornea  should  a  deep  ulcer  be 
present ;  an  accident  Avhich 
may  happen  in  cases  attended 
by  much  swelling  or  spasm 
of  the  lids  if  the  fingers  be 
used. 

5.  E}itro2)ion. — Spasmodic  entropion  of  the  lower  lid, 
with  relaxed  skin,  in  old  people.  Position  as  for  1. 
Instruments  :— T  forceps  (Fig.  126),  scissors  (Fig. 
141),  toothed  forceps.  With  the  T  forceps  pinch  up 
a  fold  of  skin  as  close  as  possible  to  the  edge  of  the 
lid,  and  of  width  proportionate  to  the  degree  of 


Fig.  126. — Entropion 
forceps. 
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inversion,  and  cut  it  off  close  to  the  forceps  ;  now 
pinch  up  and  cut  out  a  portion  of  the  exposed  orbi- 
cularis muscle  ;  sutures  need  not  be  used.  Another 
good  plan  is  to  enter  a  thi-eaded  needle  close  to  the 
edge  of  the  lid,  bring  it  out  half  ati  inch  vertically 
below,  tie  the  intervening  skin  and  muscle  tightly 
and  allow  the  thread  to  cut  its  way  out ;  two  or 
three  such  stitches  will  be  wanted  at  equal  distances 
apart ;  the  resulting  scars  being  vertical  are  rather 
conspicuous. 

6.  Orcjanic  entro'pion  and  trichiasis. — When  the 
whole  row  of  lashes  is  turned  inwards,  and  the  inner 
sui-face  of  the  lid  much  shortened  by  scarring,  the 
I'adical  extirpation  of  all  the  lashes  is  the  quickest 
and  most  certain  means  of 
giving  permanent  relief, 
but  it  leaves  a.n  unsightly 
baldness  and  exposes  the 
cornea  to  unnatural  risk 
from  dust,  &c.  Position: 
recumbent ;  the  surgeon 
stands  behind  the  patient. 
Anaesthesia  seldom  neces- 
sary. Instruments  :  a  horn 
or  bone  lid-spatula  (Fig. 
128,  s),  or  a  lid  clamp  (Fig. 
127),  a  Beer's  knife  (Fig. 
160),  and  forceps.  Make 
an  incision  from  end  to 
end  (beginning  just  outside 
the  punctum)  between  the 
hair-follicles  and  Meibo- 
mian ducts,  as  if  to  split  the  lid  into  two  layers. 
Then  make  a  second  incision  through  the  skin  and 
tissues,  about  a  twelfth  of  an  inch  above  the  border 
of  the  lid,  i)arallel  witli,  but  in  a  plane  at  right  angles 
to,  the  first.  The  strip  of  skin  and  tissues  included 
between  these  two  cuts  will  now  be  almost  free,  ex- 
cept at  its  ends,  which  are  to  be  united  by  a  cross-cut, 

23 


Fia.  127.  —  Siielleivs  lid 
clamp  (for  the  K.  upper 
lid). 
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and  the  strip  dissected  oft" ;  it  should  include  the 
hair-follicles  in  theii'  whole  depth.  Examine  the 
white  edge  of  the  "  cavtilag-e,"  now  exposed,  for  anv 
hair-follicles  accidentally  left  behind  ;  tijey  will  ap- 
pear as  black  dots,  and  are  to  be  (iarefuUy  removed. 

In  the  same  or  slighter  cases,  the  inversion  of  the 
border  of  the  lid  may  be  muclj  lessened  by  complete 
division  ol'  the  "cartilage"  from  the  conjunctival 
svirfaci;  along  a  line  parallel  with,  and  3  mm.  from 
the  free  border  (Burow's  operation)  (Fig.  129,  Bu). 
The  wound  gapes  and  tbe  inverted  l)order  of  the  lid 
falls  forward  and  is  kept  in  its  natural  2>lace  by  the 
cornea.  The  ovdy  instruments  needed  are  a  scalpel 
and  scissors.  Position  as  for  1,  or  recumbent.  The 
lid  is  kept  well  everted  whilst  the  incision  is  being 
made.  A  jiunctnre  is  made  with  the  knife  parallel 
to  the  edge  of  the  lid,  close  to  the  inner  or  outer 
end,  one  blade  of  the  scissors   passed  through 

this  puncture  and  made 
to  run  along  the  outer 
surface  of  the  "carti- 
lage" between  it  and  the 
orbicularis  muscle,  and 
"  then  the  "cartilage"  di- 
vided by  closing  the 
blades  pai'allel  to  the 
border.  The  wound 
i  should  be  at  right  angles 
I"  to  the  surface.  A  bluish 
line  should  be  seen 
through  tbe  skin  on  re- 
]ilacing  the  lid.  This 
operation  gives  complete 
relief  for  the  time,  but 
Fig.  128.— Arlt's  operation  for  mny  need  repetition  in  a 
trichiasis.  (After  Scliweigger.)     few  months. 

Various  operations  are 
performed  for  transplantation  of  the  displaced 
lashes  forwards  and  upwards,  so  as  to  I'estore  their 
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natural  direction.  ArU's  operation. — The  free 
border  of  the  lid  is  split  from  eud  to  end  (leaving 
the  puuctum),  as  for  extii-pation  of  the  lashes,  but 
more  deeply  (Mg.  128,  a).  A  second  incision  (b), 
extending  beyond  the  ends  of  the  first,  is  now  made 
through  the  skin  parallel  to,  and  about  two  lines 
from,  the  border  of  the  lid,  and  down  to,  but  not 
through  the  "  cartilage ;"  thirdly,  a  curved  incision 
(f)  is  made,  joining  b  at  each  end  and  including  a 
semilunar  flap  of  skin,  of  greater  or  less  width  accord- 
ing to  the  effect  desired ;  fourthly,  this  flap  is  dissected 
off  without  injury  to  the  orbicularis,  and  the  wound, 
bounded  by  the  lines  b  and  c,  closed  by  sutures.  The 
anterior  layer  of  the  lid  border,  which  contains  the 
lashes,  is  thus  tilted  forwards  and  drawn  upwards. 


Fig.  130. —  Siiolleii'.s  ojjei-aUon  for 
tricliiusis.  (After  Weckor.) 
s.  Edge  of  retracted  skin  iuul 
imisclo. 


A  ^  third  operation  (Streat- 
feild's)  consists  in  the  simple 
removal  of  a  wedge-shaped  strip 
of  tbe  "cartilage"  (with  its 
superjacent  skin  and  muscle) 
from  the  whole  length  of  the 
lid,  at  a  distance  of  a  line  or 
two  from  its  border  (b,  I'ig. 
128).    No  sutures  are  used. 


FiG.129.— Diagram- 
inatic  section  of  ii])- 
per  lid ;  sliowing 
Snellen's  operation, 
and  line  of  section 
in  Hurow's  ojjera- 
tion  ( lUi).  (Altered 
from  Wecker.) 
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Snellen  operates  as  follows  : — The  incision  {b,  Fig. 
128)  is  carried  down  to  the  tarsus,  the  muscle  and 
skin  sei)arated  from  it  and  pushed  upwards,  and  a 
wedge,  shown  hy  the  groove  in  Fig.  129,  cut  from 
the  exposed  tarsus,  as  in  Streatfeild's  operation. 
The  border  of  the  lid  is  now  everted,  and  kept  in  its 
new  position  hy  passing  two  or  three  threads,  as 
shown  in  Figs.  12!>  and  130,  and  tying  them  over 
beads.    The  skin  wound  need  not  be  sutured. 

All  these  operations  (except  1)  are  apt  to  need 
repetition  sooner  or  hiter. 

The  above  ojierations  are  most  suitable  when  the 
whole  length  of  the  up]i(!r  lid  is  affected  ;  in  most 
hands  Arlt's  proceeding  probably  gives  better  aver- 
age results  than  any  other,  in  cases  of  partial 
trichiasis,  where  only  a  part  of  the  border  is 
affected,  these  operations  sometimes  only  transfer 
the  seat  of  the  affection,  l)y  causing  displacement  of 
the  adjacent  healthy  lashes.  In  such  cases,  trans- 
plantation of  a  strip  of  mucous  membrane  from  the 
patient's  lij),  into  the  gap  made  by  spilitting  the  dis- 
eased part  of  the  lid  (Fig.  131),  is  the  best  opera- 
tion. This  may  be  done  as  follows  (van  Millingen)  : 
— (1)  S2:»lit  the  affected  part  of  the  lid  as  in  Arlt's 
operation,  but  turn  the  cut  forwards  into  the  skin 
ii  little  at  each  end,  as  shown  in  Fig.  131.  (2) 
Separate  a  strip  of  mucous  membrane  from  the 
lower  lip,  parallel  to  its  length,  leaving  its  ends 
attached;  the  strip  should  be  longer  and  wider  than 
the  gap  it  is  to  fill.  (3)  Take  two  needles,  each 
with  a  long  thread  attached,  aiid  pass  one  through 
•each  end  of  the  lid  incision  from  the  skin  surface 
into  the  angle  of  the  wound,  draw  the  needles 
through,  carry  them  down  to  the  lip,  and  pass  each 
■one  through  the  corresponding  end  of  the  bridge  of 
mucous  membrane  from  tlie  deep  to  the  free  sur- 
face. (4)  Cut  the  attached  ends  of  Ihe  bridge, 
turn  the  stri[)  over  on  the  thumb-nail,  and  clean  its 
under  surface  with  scissors  (taking  care  not  to  cut 
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the  thread  at  each  end).  (5)  Draw  the  strip  up  into 
its  new  position  l>y  pulling  on  the  upper  ends  of  the 
threads,  and  tie  the  threads.  A  very  fine  stitch 
may  be  inserted  at  the  centre  of  the  flap,  if  thought 
necessary,  but  this  can  be  dispensed  with.  The 
split  in  the  lid  sliould  l)e  cleaned  from  clot  before 
the  strip  is  brought  into  ])osition.  The  strip  usu- 
ally lives  and  adheres  well  under  an  antiseptic  dress- 
ing ;  the  stitches  may  be  left  to  coino  out. 

7.  Ectropion. — Ectropion  from  thickening  of  the 
conjunctiva,  aided  by  relaxation  of  the  tissues  of  the 
lower  lid,  seen  chiefly  in  old  people,  may  be  treated 
by  the  removal  of  a  V-shaped  piece  of  the  whole 
thickness  of  the  lid,  the  edges  being  brought  to- 


FlG.  131. — Van  Milliiig-on's  opci-iitioii — 1st  stage;  tlic  ]iortioiv 
of  lid  containing  niisdii'cctod  lashes  split  pamlli'l  to  its 
surfaces,  leaving  the  lashes  in  the  anterior  hiyer.  The 
incision  at  each  end  is  eari'ied  a  short  distance  into  the 
skin  at  a  right  angle  with  the  split. 

gether  with  a  harelip-pin  ;  or  the  everted  mucous 
membrane  may  be  drawn  back  into  the  sulcus 
between  lid  and  globe  by  a  suture,  entered  into  the 
conjunctiva  at  two  points  .';  inch  apai't,  passed 
deeply,  brought  out  on  tlie  cheek,  and  tied  over  a 
bit  of  india-rubb(!r  tube;  the  tliread  is  tightened 
from  day  to  day  until  it  has  nearly  cut  tlirough 
(Snellen).  An  ojienitiou  of  which  the  principle;  is 
nearly  the  same,  but  the  execution  more  compli- 
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eated,  is  describofl  Ly  Aro-yll  Robertson.*  Slif^btor 
oases  may  Le  satisfactorily  treated  by  tbe  excision, 
or  destruction  by  burning  deeply  with  a  fine  gal- 
vanic cautery,  of  a  strip  of  tbe  palpebral  conjunc- 
tiva parallel  to  tbe  border  of  tbe  lid  ;  tbe  contrac- 
tion of  tbe  scar  draws  tbe  margin  of  tbe  lid  into 
place. 

For  ectropion  from  cicatricial  changes  in  tbe  skin 
a  plastic  operation  is  generally  needed.    At  tbe  same 
time  tbe  eyelids  should  be  united  by  fine  sutures,  after 
paring  a  narrow  stri])  from  tbe  border  of  each  lid 
just  within  tbe  line  of  tbe  lashes  (blepharoplasty),  a 
])roceeding  which  at  once  assists  the '  restitution  of 
the  displaced  lid,  and  gives  pi'otection  to  the  cornea; 
the  lids  may  be  separated  a  few  weeks  later. — The 
operation  for  the  ciu*e  of  the  ectropion  will  naturally 
vary  with  the  seat,  extent,  and  cause  of  the  deformity, 
Imt  we  may  conveniently  distinguish  three  varieties  of 
organic  ectropion,  according  as  tbe  condition  has  fol- 
lowed :  (1)  a  wound  of  the  eyelid  with  faulty  union : 
(2)  a  deeply  adherent  scar  from  abscess,  disea.se  of 
bone,  or  deep  ulceration  of  the  lid  ;  or  (3)  extensive 
scarring  of  the  face  from  burns,  lupus,  &c.  When 
the  cause  is  quite  localised,  and  there  is  not  much 
loss  of  tissue  (groups  1  and  2),  the  scar  may  be  in- 
cluded in  a  V-sbaped  incision,  the  flap  separated  and 
pushed  up  till  tbe  lid  is  in  position,  and  the  lower 
■part  of  the  wound  then  brought  together  by  a  pin  or 
sutures,  so  that  what  was  a  V  now  becomes  a  Y,  the 
edges  of  the  flap  being  attached  by  sutures  to  tbe 
limbs  of  the  Y,  Fig.  132.    As  the  lid  has  generally 
become  too  long,  from  prolonged  eversion,  Ave  often 
have,  at  the  same  time,  to  shorten  it  by  removing  a 
small  triangle  from  its  outer  end,  and  uniting  the 
edges  of  tbe  gap.     When  the  position  of  tbe  de- 
formity prevents  the  above  operation,  it  is  necessary 
to  inti'oduce  new  skin  into  the  gap,  made  by  dissect- 
ing out  the  cicati'icial  tissue  and  putting  the  everted 

*  A.  Kobertsoii,  '  Ediii.  Clin,  .and  I'.atli.  Jonrn.,'  Dec,  1883. 
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lid  into  position.  Tliis  may  lie  done  by  bringing  a 
flap  with  a  broad  pedicle,  eitlier  by  sliding  or  twist- 


FiG.  132.— V  Y  operation.    (Prom  Ritterifh.) 


ing,  into  the  gap ;  or  by  the  method  (introduced 
into  our  country  by  Dr  Wolfe)  of  transplanting 
from  a  distant  part  a  single  graft  of  skin  without 
a  pedicle,  large  enough  to  fill  the  gaj^ ;  or,  again, 
by  filling  the  gap  with  several  small  ])ieces  of 
sidn  (dermic  grafts).  Where  there  is  extensive 
destruction  of  skin  (group  3)  these  grafting  methods 
seem  particularly  valiuxble.  If  a  single  large  graft 
be  used  the  important  points  are  to  make  it  con- 
siderably larger  than  the  deficiency  it  is  to  supply, 
to  free  the  under  surface  of  the  graft  very 
thoroughly  of  all  subcutaneous  tissue,  to  unite  it 
by  ni:merous  fine  sutures,  and  apply  warm  dress- 
ings. The  single  graft  operation  Las  now  been 
tried  many  times,  and  with  a  good  proportion  of 
successes. 

8.  Paralytic  and  congenital  ptosis  have  often  been 
treated  by  the  removal  of  an  oval  of  skin  trom  the 
upper  lid,  parallel  to  its  length,  the  orbicularis 
muscle  not  being  touched.  This  simple  method, 
however,  has  but  little  effect,  unless  the  piece  re- 
moved be  so  large  as  to  shorten  the  lid  materially, 
and  thus  endanger  the  power  of  complete  closure. 
More  complicated  o})ei"ations,  intended  to  raise  the 
lid  by  producing  contraction  of  the  subcutaneous 
tissues,  or  adhesion  between  these  parts  and  the 
tendon  of  the   occipito-frontalis   at   the  eyebrow 
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without,  tlie  removal  of  any  skin,  have  been  recom- 
mended by  l^agenstecher,  Dransart,  Meyer,  and 
Panas.  1  liave  had,  and  have  seen  in  the  hands  of 
others,  satisfactory  results  from  Panas'  operation  in 
several  cases. 

9.  Canfhoplaftty,  for  lengthening  the  palpeTn-al 
fissure  at  the  outer  canthus.  The  canthus  is  divided 
by  scissors  or  a  knife  as  far  as  may  seem  necessary. 
The  contiguous  ocular  conjunctiva  is  then  slightly 
dissected  up  and  attached  by  sutures  to  the  cut 
edges  of  the  skin,  so  as  to  prevent  reunion,  oiie  suture 
being  placed  in  the  angle  of  the  wound,  one  above 
and  one  below  (Fig.  133). 


Fig.  133. — Canthoplasty.    (From  Rittericli.) 

10.  Peritomy,  for  obstinate  cases  of  partial  pauuus. 
Anesthesia  is  necessary.  Instruments  : — Speculum 
(Fig.  140),  fixation  forceps  (Fig.  142),  scissors,  and 
Beer's  knife  (Fig.  160).  With  the  knife  a  circular 
incision  is  carried  through  the  conjunctiva,  round  the 
cornea,  at  5  mm.  (^"),  or  less,  from  its  border.  The 
zone  of  conjunctiva  so  included,  together  with  the 
whole  of  its  subconjunctival  tissue  down  to  the 
sclerotic,  is  now  carefully  removed  by  the  scissors. 
The  bare  surface  thus  left  granulates,  and  finally 
contracts  to  a  narrow  baud  of  white  scar-tissue,  by 
which  the  vessels  running  to  the  cornea  should  be 
obliterated.  The  subconjunctival  fascia  is  often 
found  much  thickened  in  these  cases.  Care  must 
be  taken  not  to  make  the  incision  too  far  from  the 
cornea,  lest  the  insertions  of  the  recti  be  damaged. 
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The  strip  reinoved  should  extend  completely  round 
the  coruea ;  removal  of  only  a  part  of  the  zone  is  not 
satisfactory.  The  symptoms  are  generally  made 
worse  for  a  time,  and  the  final  result  is  not  reached 
for  several  months.  In  some  cases  the  operation 
lias,  in  my  experience,  been  very  successful,  whilst 
in  others,  without  apparent  reason,  it  has  C]uite  failed 
of  its  purpose. 

Symblepharon  (adhesion  of  lid  to  globe  after  de- 
struction of  conjunctiva),  unless  very  extensive,  can 
be  greatly  improved  by  operations.  In  slight  cases 
we  have  merely  to  separate  the  adhesion  from  the 
fflolie  and  bring;  totrether  the  edo-es  of  the  ocvdar 
conjunctiva  to  cover  the  sui'face  thus  exposed  and 
thus  prevent  reunion.  But  when  the  surface  ex- 
posed by  the  dissection  is  large,  flajis  of  conjunctiva 
with  broad  pedicles  must  be  brought  down  to  cover 
the  deficiency  in  the  manner  first  proposed  by  Mr 
Teale;*  or  mucous  membrane  may  be  transferred 
from  the  lip  of  the  patient  or  even  from  the  conjunc- 
tiva of  a  rabbit.  Snellen  has  lately  used  a  flap  oE 
neighbouring  skin  with  a  pedicle,  pushing  it  through 
a  sort  of  button-hole  in  the  lid,  and  attaching  it  in 
the  gap  made  by  sejwating  the  ad  Lesions. 

B.   OPERATIONS   ON   THE   LACRIMAL  APPARATUS 

1.  Lacrimal  abscess.     (See  p.  76.) 

2.  Slitting  up  the  loiver  canaliculus. — This  is  best 
done  by  means  of  a  knife  with  a  blunt  or  probe 
point,  and  a  blade  narrow  enough  to  enter  the  punc- 
tum.  The  best  forms  of  these  knives  are  Weber's 
knife,  with  a  probe  end  (Fig.  135)  ;  Bowman's, 
with  nearly  parallel  borders  and  a  rounded  end 
(Fig.  136),  and  Liebreich's  (Fig.  137).  Position  as 
for  1.  (i)  The  lower  lid  is  drawn  tightly  outwards 
and  d  ownwards  by  the  thumb.    (2)  The  canaliculus 

*  Teale,  '  Opli.  Hosp.  Reports,'  ili,  p.  25.3  (1861). 
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knifo  is  passed  vertimllij  into  th(^  ])uncl,niii,  tlieu 
tuniod  liorizoiilally  and  ])assed  on  thron,L,di  the  neck 
of  the  canaliculus  till  it  reaches  the  bony  f  inner) 
wall  of  the  lacrimal  sac    It  is  then  raised 
up  from  heel  towards  jioint,  and  thus  made 


Via.  13o.  — VVubcr's  caiiiiliciilns  knilc. 


— ■  

Fig.  13G. —  Howniau's  caiiiiliciilus  knifo. 


t:  Fig.  137. — Lioln-uich's  kiiitV  lor   (•.•miiliciilus  and 

Y  nasal  iltict. 

2  to  divide  the  canaliculus,  care  lieing  taken 

cJ  that  the  neck  is  freely  divided.  Liebreich's 

u\  knife  cuts  its  own  way  without  being  raised. 

The  lower  canaliculus  may  also  be  divided 
with  a  Beer's  knife  (Fig.  160).  which  is  run 
along  a  fine  grooved  director  (Fig.  134), 
previously  introduced.    In  cases  of  muco- 
cele, it  is  good  practice  to  divide  the  wall  of 
the  sac  fi'eely,  and  some  surgeons  open  the 
upper  as  well  as  the  lower  canaliculus.  The 
canaliculus  recpiires  to  be  kept  open  every 
three  or  four  days  till   its  cut  edges  are 
healed,  or  they  will  unite  again. 
3.  Probing   the  nasal  duct. — -After  dividing  the 
car.aliculus  pass  a  good-sized  la.criinal  probe  liori- 
zontallv   along  its  floor  till  it  strikes  the  inner 
(bony)' wall  of  the  sac.    Then  raise  it  to  the  vertical 
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|)Osition,  and  push  it  steadily  down  the  duct  (down- 
wards and  a  very  little  outwards  and  backwards) 
till  the  floor  of  the  nose  is  reached.  Bowman's 
earlier  probes  were  in  six  sizes,  of  which  the  largest 
was  ^^th  in.  in  diameter.  Bowman  afterwai-ds 
adopted  much  larger  probes  with  bulbous  ends;  and 
several  such  patterns  are  now  in  use.  The  probe 
used  should  be  the  largest  that  will  pass  easily. 

4.  A  stricture  of  the  duct  may  be  incised  with  any 
of  tbe  canaliculus  knives,  although  Weber's  and 
Bowman's  are  too  slender  to  be  used  with  safety. 
Lieljreich's  is  intended  to  be  so  used,  and  a  special 
knife  for  the  purpose  had  previously  been  introduced 
by  stilling.  The  knife  is  used  as  a  probe,  being 
pushed  quite  down  the  duct,  then  partly  withdrawn, 
turned  in  another  direction,  and  pushed  down  again. 
There  is  generally  bleeding  from  the  nose. 

In  all  these  procedures  we  must  be  certain  tbat 
the  probe  or  knife  rests  against  the  bony  (nasal)  wall 
of  the  lacrimal  sac  before  it  is  raised  into  the  vertical 
direction.  If  the  probe  be  stojjped  at  the  entrance 
of  the  canaliculus  into  the  sac  (as  may  easily  happen 
if  the  canal  be  not  thoroughly  slit  in  its  whole 
length),  the  lid  will  be  pulled  upon  and  puckered 
whenever  the  instrument  is  pushed  towards  the 
nose  ;  Init  if  the  probe  have  reached  the  sac,  back- 
ward and  forward  movements  will  not  usually  cause 
puckering  of  the  lid.  If  in  the  former  case  the  in- 
strument be  turned  up,  and  an  attempt  made  to  pass 
it  down  the  duct,  a  false  passage  will  j^robably  be 
made. 

The  direction  of  the  two  nasal  ducts  is  either 
parallel  or  such  that  if  prolonged  upwards  thev 
would  converge  slightly ;  they  very  seldom  diverge. 
The  prolje  when  in  the  duct  should,  even  if,  as  usual, 
its  lower  end  be  curved  forwards,  rest  against  and 
indent  the  eyel)row  ;  if  it  stand  forwards  fnmi  the 
brow  it  is  usually  in  a  false  passage. 

Lacrimal  fii/rlnges  are  of  two  kinds:  (1)  Anel's 
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syringe,  with  a  nozzle,  fine  enough  to  pass  iuto  the 
iiuopeiied  punctum  (Fig.  138).  By  iujectiug  a  little 
water  into  tlie  duct  through  the  canaliculus  we  can 


Fig.  138— Ancl's  syringe,  full-      Fig.  139.— Bowiuiui's  syringe, 
sizo.  about  liiilf  full-size. 

sonietinies  clear  out  slight,  apparently  mucous, 
obstruction,  and  relieve  epiphora  without  cutting  or 
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probing  ;  aud  by  the  same  method  we  can  often 
decide  whether  or  no  there  is  an  obstruction  needing 
the  severer  treatment.  (2)  Hollow  probes  attached 
to  syringes  of  various  patterns  are  used  for  passing 
down  the  duct  and  syringing  at  the  same  time.  Fig. 
139  shows  a  simple  form  sold  as  Bowman's. 

C.   OPERATIONS  FOR  STRABISMUS 

Tenotomy. — The  object  is  to  divide  the  tendon  close 
to  its  insertion  into  the  sclerotic.  In  this  country 
Critchett's  subconjunctival  operation  is  commonly 
used ;  abroad  the  operation  of  Von  Graef  e,  in  which  the 
tendon  is  more  or  less  exposed,  is  more  often  employed. 
The  internal  and  external  recti  are  the  only  tendons 
commonly  divided,  the  internal  far  the  more  fre- 
quently. Antesthesia  is  seldom  necessary  (^xceptfor 
young  children.  Instruments  :  Stop  speculum  (Fig. 
140),  straight  scissors,  with  blunted  jjoints  (Fig.  141), 
toothed  fixation  forceps  (Fig.  142),  strabismus  hook 
(Fig.  143).  There  are  several  forms  of  lioolc,  differ- 
ing in  the  length  and  sharpness  of  the  curve  ;ind  the 
shaj^e  of  the  ti^i. 


Fig.  140. — Stop  sjiring  speculum. 


Operations. — Graefe's. — An  incision  is  ma(h'  trans- 
versely  over  the  insertion  of  the  tendon,  iuid,  the 
conjunctiva  being  pushed  aside,  Tenon's  c:i,psul(!  is 
opened  below  the  tendon  ;  the  hook  is  then  ]iassed 
under  the  tendon,  and  the  latter  divided  with  tin; 
scissors.    The  whole  width  of  the  tendon  is  exposed. 
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this  aud  all  operations  may  be  coiisiderablv  increased 
if  the  various  fascial  or  indirect  connections  of  the 
muscle  he  divided  as  well  as  its  tendon.  This  is  done 
(1)  hv  separating  the  conjunctiva  from  the  fascia 
and  its  muscle  by  a  burrowing  dissection  with  the 
scissors  before  the  tendon  is  cut ;  (2)  by  freely 
dividing  the  fascia  above  aud  below  the  tendon,  liy 
cutting  witli  the  scissors  upwards  and  downwards 
after  having  divided  the  tendon  itself  ;  (3)  by  tying 
the  eye  out  with  a  silk  suture  passed  through  the 
conjunctiva  and  surface  fibres  of  the  sclerotic,  close 
to  the  outer  border  of  the  cornea,  and  attaching  it  to 
the  temple  for  two  days  by  strapping. 

Critrhetfs  operation.—  (1)  Introduce  the  speculum, 
and  with  the  fixation  forceps  in  the  left  hand,  jjinch 
up  a  fold  of  conjunctiva  over  the  lower  border  of 
the  tendon  (say  of  the  right  internal  rectus)  at  its 
insertion  ;  with  the  scissors  in  the  right  hand  make 
a  small  ojieiiing  close  to  the  end  of  the  forceps,  and 
parallel  with  the  border  of  the  tendon.  The  exjjosed 
fascia  (capsule  of  Tenon)  is  now  easily  recognised  ; 
it  is  to  Lie  piinched  nj),  aud  an  opening  made  in  it 
corresponding  to  the  conjunctival  wound.  By  taking 
deep  hold  with  the  forceps,  both  conjunctiva  and 
fascia  may  sometimes  be  divided  at  one  sti'oke  As 
a  rule,  both  conjiuictiva  and  Tenon's  capsule  are 
thicker  in  children  than  adults. 

(2)  Taiie  the  hook  in  the  right  hand  (holding 
the  wound  open  with  the  forceps  in  the  left),  and 
]«iss  it,  concavity  downwai'ds  and  point  backwards 
through  the  opening  in  the  fascia,  as  far  as  its 
ell)ow,  keeping  its  end  always  flat  against  the 
sclerotic.  Next  turn  the  end  of  the  hook  upwards, 
still  gui(h^il  by  the  sclerotic,  between  the  tendon 
and  the  globe,  until  its  end  is  seen  projecting 
beneath  the  conjunctiva,  above  the  upper  iiordcr 
of  the  tendon.  On  now  attempting  to  draw  the 
hook  towards  the  cornea  it  v/ill  be  stopped  by  llic 
tendon.    If  Tenon's  ca])sule   have  not  been  well 
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opened,  the  book  cannot  be  passed  beneath  the 
tendon,  nor  swept  round  the  sclerotic  — (3)  Lay 
down  the  forceps,  transfer  the  hoolc  to  the  left 
hand,  holding'  its  handle  parallel  with  the  side  of  the 
nose  and  tightening  the  tendon  by  traction  forwards 
and  outwards  ;  pass  the  scissors,  with  the  blades 
sliglitly  opened,  into  the  wound,  and  push  them 
straiglit  up  between  the  hook  and  the  eye;  the  tendon 
is  divided  at  two  or  three  snips,  with  a  crisp  sound 
and  feeling.  When  the  whole  breadth  of  the  tendon 
is  divided  the  hook  slips  forwards  beneath  the  con- 
junctiva up  to  the  edge  of  the  cornea.  It  is  well, 
by  reintroducing  the  hook,  to  make  sure  that  no 
small  strands  of  the  tendon  have  escaped,  for  the 
operation  does  not  succeed  unless  the  division  be 
complete. 

No  after-treatment  is  needed,  but  the  patient  is 
more  comfortable  if  the  eye  be  tied  up  for  a  few 
hours. 

The  difficulties  for  beginners  are — (1)  to  be  sure 
of  opening  the  fascia ;  (2)  to  avoid  pushing  the 
tendon  in  front  of  the  scissors,  especially  when  only 
the  upper  part  remains  undivided. 

Simple  division  of  one  internal  rectus  without 
separation  and  division  of  fascia  diminishes  the 
scjuint  by  about  two  lines  (4  mm.).  The  effect, 
howevei",  is  often  much  less  if  the  patient  be  adult  or 
nearly  so. 

Liebreich' s  operation  is  Critchett's  with  the  addition 
of  the  separation  of  conjunctiva  from  the  fascia,  and 
the  division  of  the  fascia  beyond  the  edges  of  the 
tendon  described  at  p.  367.  These  additions  to  simple 
tenotomy  can  be  more  easily  and  thoroughly  applied 
to  Graefe's  operation  when  the  incision  is  over  the 
tendon,  and  after  a  considerable  trial  I  have  ceased 
to  use  Liebreich's  method.  In  any  case  of  consider- 
able convergent  squint,  or  squint  operated  on  in  an 
adolescent  or  adult,  I  prefer  Graefe's  method,  w^hich 
admits  of  the  maximum  effect  being  easily  obtained. 
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The  immediate  effect  of  the  tenotomy  of  a  rectus 
muscle  is  lessened  after  a  few  days  by  the  reunion 
of  the  tendon  with  the  sclerotic,  but  after  a  few 
weeks  or  months  it  is  sometimes  again  increased  by 
the  stretching  of  this  new  tissue. 

Readjustment  or  Advancement  consists  in  bringing 
forwards  to  a  new  attachment  the  tendon  of  a  rectus 
(generally  the  internal)  which  has  become  attached 
too  far  back  after  a  previous  tenotomy,  or  is  acting 
inefficiently,  as  in  various  cases  of  primary  divergent 
squint ;  advancement  of  the  external  rectus  is  also 
used  in  simultaneous  conjunction  with  tenotomy  of 
the  internal  in  high  degrees  of  convergent  squint, 
especially  when  the  squint  is  of  many  years'  dui'a- 
tion.  Indeed,  whether  performed  for  divergent  or 
convergent  strabismus,  tenotomy  of  the  opponent 
muscle  is  generally  needed.  There  are  several 
different  operations,  but  in  all  of  them  the  tendon  is 
held  in  its  new  position  by  sutiires.  The  operation 
is  tedious,  but  may  often  be  done  under  cocaiu.  The 
instruments  are  the  same  as  for  tenotomy. 

I  now  generally  perform  the  operation  as  follows 
(essentially  the  method  described  by  Tweedy).* 
(1)  A  stitch  of  fine  silk  is  first  put  thi'ough  con- 
junctiva and  surface  fibres  of  sclerotic,  close  to  the 
inner  edge  of  cornea  and  exactly  on  the  horizontal 
line ;  this  is  to  serve  as  a  guide  in  case  the  eyeball 
rotates  afterwards.  (2)  The  tendon  is  exposed  by 
a  vertical  wound  in  the  conjunctiva  about  5  mm. 
from  the  corneal  border,  the  fascia  opened  above 
and  below,  and  a  hook  passed  under  the  tendon. 
(3)  A  stitch  is  passed  through  the  upper  part  of 
the  muscle  alone  (not  including  conjunctiva),  some 
way  from  its  attachment,  and  tied  round  the  in- 
cluded part  of  the  muscle,  and  the  needle  then 
passed  beneath  conjunctiva  and  fascia  and  brought 
out  above  the  upper  edge  of  the  cornea;  the  lower 
part  of  the  muscle  is  treated  in  the  same  way,  and 
*  Tweudy,  '  Liincet,'  March  22ml,  1884. 
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the  tendon  then  divided  from  tlie  sderoti(t  witli  scis- 
sors, and  (if  tlioii^lit  nccxissary)  shortened  Ijy  cutting 
oft"  the  portion  in  front  of  the  sutures.  Tlie  needle 
carryin.Lf  tlie  centriil  (<^niide)  thread  is  now  passed 
from  behind  forwards  through  the  muscle  between 
the  other  two  sutures  and  overlying  conjunctiva,  and 
tied.  TIk!  up[)er  and  lower  stitches  are  then  tied 
sightly.  The  conjunctiva  is  a  good  deal  dragged 
upon  above  and  below,  but  soon  stretches,  or  the 
sutures  ])artly  cut  through.  The  opponent  rectus 
is  divided  before  the  sutures  are  tied.  The  eyes 
should  both  usually  be  kept  quietly  tied  up  for 
several  <lays,  and  the  stitches  be  left  in  for  a  week, 
or  until  they  come  away  (if  silk). 

De  Wccker's  method  of  advancement  by  folding 
the  tendon  on  itself  (so-called  advancement  of 
Tenon's  capsule)  does  not  seem  to  have  gained 
genei'al  acce]>tance,  and  need  not  be  described  here. 
I  have  had  very  good  success  with  it  once  or  twice. 

D.   EXCISION  OF  THE  EYE 

Instruments  as  for  squint,  but  the  scissors  cvn-ved 
on  the  flat.  The  operator  may  stand  either  behind 
or  in  front.  (1)  Divide  the  ocular  conjunctiva  all 
round,  close  to  the  cornea.  (2)  Open  Tenon's  cap- 
sule, and  divide  each  rectus  tendon  and  the  neigh- 
bouring fascia  on  the  hook  ;  the  two  obliques  are 
seldom  divided  on  the  hook.  (3)  Make  the  eye 
start  forwards  by  pressing  the  speculum  back  behind 
the  equator  of  the  globe.  (4)  Pass  the  scissors 
backwards  along  the  sclerotic  till  their  open  blades 
can  be  felt  to  embrace  the  optic  nerve  (recognised 
by  its  toughness  and  thickness),  and  divide  it  by  a 
single  cut,  while  steadying  the  globe  with  a  finger  of 
the  other  hand.  Finish  by  dividing  the  oblique 
muscles  and  remaining  soft  parts,  close  to  the  globe. 
Apply  pressure  for  a  minute  or  tAvo,  and  then  tie  up 
tightly  for  six  or  eight  hours  with  an  elastic  pad  of 
small  sponges  overlaid  by  cotton  wool.    Tlaere  is 
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scarcely  ever  serious  bleeding.  The  artificial  eye 
may  be  fitted  in  from  three  to  four  weeks.* 

After  some  weeks  or  months  a  button  of  granu- 
lation tissue  occasionally  grows  from  the  scar  at 
the  bottom  of  the  conjunctival  sac,  and  should  be 
snipped  off. 

The  operation  is  more  difficult  when  the  eye  is 
ruptured  or  shrunken,  or  the  surrounding  parts 
much  inflamed  and  adherent.  The  order  of  division 
of  the  muscles  is  immaterial.  The  important  points 
are  to  leave  as  much  conjunctiva  as  possible,  so  as 
to  form  a  deep  bed  for  the  glass  eye,  and  by  keep- 
ing the  scissors  close  to  the  globe  during  the  whole 
operation,  to  avoid  unnecessary  laceration  of  the 
tissues. 

When,  as  in  some  cases  of  intraocular  tumour,  it 
is  desired  to  remove  another  piece  of  the  optic  nerve, 
the  nerve  should  be  felt  for  with  the  finger,  seized 
and  drawn  forward  with  the  forceps,  and  cut  off 
further  back  with  the  scissors. 

Subsdtutes  for  excision  of  the  eyeball. — Abscission  is  the 
removal  of  a  stapliylomatovis  cornea  with  tlie  front  part  of  tlie 
sclerotic,  leaving  the  hinder  part  of  the  globe,  with  the  ninscles 
attached,  to  serve  as  a  movable  stump  for  carrying  the  artificial 
eye.  Four  or  five  semicircular  needles  carrying  sutures  are 
made  to  puncture  and  counter-puncture  the  sclerotic,  just  in 
front  of  the  attachments  of  the  recti ;  the  part  of  the  globe  in 
front  of  the  needles  is  cut  off,  the  needles  drawn  through,  and 
the  sutures  tied.  The  operation  is  admissible  only  when  the 
ciliary  region  is  free  from  disease,  and  has  therefore  a  very 
limited  application;  even  in  tlie  most  favorable  cases  the 
stump  is  not  entirely  free  from  the  risk  of  setting  up  sympa- 
thetic inflammation,  and  I  therefore  never  perform  it.  It  is 
said  that  if  the  sutures  are  passed  only  through  the  conjunctiva 
or  the  muscles,  the  risk  is  less  than  when  they  are  pa.ssed 
through  the  sclerotic. 

The  operation  of  optico-ciliary  neurolomy,  in  which  the  optic 
nerve  and  all  the  ciliary  nerves  arc  diviiled  without  veninval  of 

*  The  glass  eye  must  be  renewed  as  often  as  it  gets  rougli, 
generally  at  least  once  a  year.  Some  persons  have  much  diffi- 
culty in  tolerating  it,  and  they  must  be  content  to  wear  it  for 
only  a  part  of  the  day.    It  is  always  to  be  removed  at  bedtime. 
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the  globe,  with  the  view  of  preventing  sympathetic  disease, 
ui)pear8  to  me  to  be  bad  surgery.  The  sensibility  of  the  cornea, 
iibolished  by  the  ojjeration,  often  returns,  proving  that  the 
ciliary  nerves  have  reunited.  The  cut  ends  of  the  optic  ner%-e 
have  also  been  I'ound  reunited,  and  though  union  may  be  pre- 
vented by  exsection  of  a  considerable  piece  of  the  ojjtic  nerve, 
the  same  cannot  bo  done  with  tlie  ciliary  nerves.  The  opera- 
tion therefore  cannot  be  relied  upon  to  destroy  these,  nor,  it 
miiy  be  added,  any  of  the  other  possible  paths  (p.  140)  along 
which  8yni])athetic  irritation  and  inflammation  may  travel  ; 
indeed,  sympathetic  inflammation  has  been  observed  to  follow 
the  operation  in  at  least  one  case. 

Evisceration  of  the  eye,  long  ago  performed  in  certain  cases 
by  sundry  ojjerators,  has  Iteen  systematically  ])ractised  and  ad- 
vocated lately  by  Mr  Mides,*  of  Manchester,  and  Professor 
Graefe,  of  Halle.  The  front  of  the  eye  is  removed  at  the 
sclcro-corneal  junction,  and  the  whole  contents  of  the  globe 
emptied  out  with  any  convenient  instrument,  very  great  care 
being  taken  to  remove  every  trace  of  choroid  and  ciliary'  bod}-. 
Mr  Mules  then,  after  enlarging  the  scleral  opening  by  a  ver- 
tical slit,  introduces  into  its  cavity  a  liermetically  closed, 
hollow  glass  bidl,  and  stitches  the  sclerotic  carefully  over  it 
with  tine  catgut,  the  conjunctiva  being  separately  sewn  after- 
wards. The  parts  should  be  irrigated  or  sprayed  during  the 
whole  operation.  There  is  more  reaction  than  after  excision, 
and  if  the  sclerotic  be  much  inflamed,  or  if  suppuration 
occur,  the  stitches  may  give  way.  The  introduction  of  the 
glass  globe  is  not  an  essential  part  of  the  proceeding,  its  object 
being  merely  to  improve  the  stump.  Graefe  advocates  evis- 
ceration AS  less  likely  than  excision  to  be  followed  by  menin- 
gitis— a  terrible  accident,  which  every  now  and  then  occurs.f 
Mules  defends  it  as  likely  to  be,  equally  with  excision,  a  safe- 
guard against  sym])athetic  disease  whilst  allowing  a  better 
stump  for  the  artificial  eye. 

Mr  Frost,J  wishing  in  common  with  many  others,  in  the 
present  imperfect  state  of  our  knowledge  of  sympathetic  in- 
flammation, to  get  rid  of  all  properly  ocular  tissue,  proposes 
the  introduction  of  Mules's  glass  glolie  into  the  cavity  of 
Tenon's  capsule,  uniting  the  muscles  and  conjunctiva  over  it. 

The  operation  of  stretching  the  infra-trocblear  (or  external 


*  Mules,  '  Trans.  Ophth.  Soc.,'  v,  200  (1SS5). 

f  The  known  cases  of  meningitis  after  excision  (about  thirty- 
five  in  number)  arc  collected  in  a  paper  by  the  author  in  vol.  vi 
of  the  'Ophth.  Soc.'s  Transactions  '  (188<3). 

X  Frost,  Brit.  Med.  Assoc.,  Brighton  Meeting,  1S8G. 


XXII.  OPERATIONS  ON  THE  CORNEA  373 


nasal)  nerve  has  been  introduced  by  Dr  Badal,*  as  an  alter- 
native to  excision  for  the  relief  of  pain,  e.g.  in  absolute 
glaucoma.  The  nerve  (or  nerves,  for  there  are  two  or  three 
twigs)  is  found  by  making  <a  nearly  vertical  incision  tlirough 
skin  and  orbicularis  muscle,  rather  below  and  external  to  the 
inner  end  of  the  eyebrow. 

E.  OPERATIONS  ON  THE  CORNEA 

1.  Removal  of  foreign  bodies. — Instruments  :  a  steel 
spud  (Fig.  144),  or  a  broad  needle  Avitli  double  cut- 
ting edge  (Fig.  145).    A  2  per  cent,  solution  of  cocain 


Fig.  144.— Corneal  spud.  Fig.  145. — Broad  needle. 

is  to  be  dropped  in  two  or  three  times  within  five 
minutes.  The  operator  stands  behind  the  patient, 
and,  keepiug  the  lids  apart  with  his  index  and  ling 
fingers,  steadies  the  eyeball  by  placing  his  middle 
finger  against  its  outer  or  inner  side.  Tbe  chip  is 
gently  picked  or  tilted  off  by  placing  the  edge  of  the 
spud  beneath  it,  or,  if  firmly  embedded,  a  certain 
amount  of  scraping  may  be  necessary.  If  the  foreign 
body  be  barely  embedded  in  the  epithelium,  a  touch 
■with  a  little  roll  of  blotting-paper  will  often  detach 
it.  When  a  fragment  of  iron  has  been  present  for 
more  than  a  couple  of  days  its  corneal  bed  is  usually 
stained  by  rust,  and  a  little  j^late  or  ring  of  brown  cor- 
neal slough  can  often  be  picked  off  after  the  removal  of 
the  chij) ;  but,  as  a  rule,  this  minute  slough  may  be 
left  to  separate  sjiontaneously.  After-treatment. — 
Tift  the  eye  up.  so  as  to  protect  the  corneal  surface 
from  friction  and  irritation.  Atropine  is  to  be  used 
if  there  be  marked  congestion  and  photophobia. 

When  a  splinter  is  deeply  and  firmly  embedded, 
especially  if  it  have  penetrated  the  cornea  and  is 
projecting  into  the  anterior  chamber,  its  removal 

*  Hadal,  'Bull,  do  la  Soc.  do  Cliir.,'  Dec,  1882:  Lao-range 
'  Arch.  d'Ophtal.,'  vi,  43  (188G). 
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is  often  very  difficult.  Unless  great  care  be  taken 
the  splinter  in  such  a  case  may  he  pushed  on  into 
the  chamber,  and  the  iris  or  lens  be  wounded.  This 
may  sometimes  be  pi*eventcd  by  passing  a  broad 
needle  through  the  cornea  at  anotlier  part,  and  lay- 
ing it  against  the  inner  surface  of  the  wound,  so  as 
to  form  a  guard  or  foil  to  the  foreign  body,  tbe  latter 
l)eing  removed  by  spud  or  forceps  from  the  front. 

A  foreign  body  in  the  anterior  chamber  should,  in 
recent  cases,  always  be  removed,  and  the  piece  of 
iris  on  which  it  lies  must  generally  be  excised.  In 
cases  of  old  standing  we  may  judge  by  the  symptoms 
whether  to  operate  or  not. 

2.  Paracentesis  of  the  anterior  chamber. — Position 
as  for  1,  or  recumbent;  general  antesthesia  not  neces- 
sary. Instruments  :  a  paracentesis  needle  (Fig.  146) 
with  a  very  small,  short,  triangular  blade,  bent  at 
an  obtuse  angle  (like  a  minute  bent  keratome)  ;  or 
a  broad  needle  (Fig.  145).  The  former  is  more 
safe,  as  the  blade  is  too  short  to  reach  the  iris 
or  lens,  even  if  the  patient  should  jerk  his  head. 
If  the  contents  of  the  chamber  do  not  follow  the 
needle  on  its  withdrawal,  a  small  probe  (Fig.  146)  is 


21= 


Fig.  146. — Paracentesis  needle  and  probe  mounted  on  same 

handle. 

passed  into  the  wound.  In  cases  where  the  opera- 
tion needs  repeating  every  day  or  two  the  original 
wound  can  generally  be  reopened  with  the  probe. 
Speculum  and  fixation  forceps  should  be  used  unless 
the  patient  has  good  self-control. 

3.  Corneal  section  for  Hypopyon  ulcer.— Position 
recumbent;  general  anaesthesia  seldom  needed.  In- 
struments: a  Graefe's  or  Beer's  cataract  knife  (Figs. 
154  and  160),  speculum  and  fixation  forceps.  The 
incision  is  carried  through  the  whole  thickness  of 
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the  coruea  from  one  side  of  tlie  ulcer  to  the  other, 
lieiucr  both  beijun  aud  finished  in  sound  tissue.  Or 
it  may  be  ^jlaeed  entirely  in  sound  cornea,  or  at  the 
sclero-corueal  junction  (p.  109),  leaving  the  ulcer 
untouched ;  the  last  j^osition  avoids  all  risk  of 
wounding  the  lens. 

The  knife  is  entered  at  an  angle  with  the  plane  of 
the  iris,  its  edge  straight  forwards  ;  when  its  point 
is  seen,  or  judged  to  have  perforated  the  cornea,  the 
handle  is  depressed  until  the  back  of  the  knife  lies 
parallel  with  the  iris,  and  the  blade  then  pushed 
straight  across  the  vdcer  to  the  point  chosen  for 
counter-puncture ;  often  in  j^ractice  it  is  simply  pushed 
on  till  it  cuts  out.  The  aqueous  ought  not  to  escape 
until  the  point  of  the  knife  is  engaged  in  its  counter- 
puncture,  but  an  earlier  escape  cannot  always  be 
avoided.  If  it  be  desired  to  keep  the  wound  open, 
its  edges  are  to  be  separated  by  a  probe  every  second 
or  third  day.  The  wound  closes  quickly  at  first,  un- 
less kept  open,  but  after  having  been  opened  a  few 
times,  it  sometimes  remains  patent  for  longer. 

4.  Cauterisation  of  the  cornea  is  best  performed 
with  a  very  fine  galvano-caustic  terminal,  which 
should  be  very  intensely  hot  (yellow  or  almost  white 
heat).  The  finest  terminal  of  Paquelin's  instrument 
may  be  used,  but  its  action  cannot  be  so  well  localised 
owing  to  the  greater  bulk  of  the  heated  metal.  If 
the  eye  be  much  congested  I  generally  apply  solid 
cocain  hydrochloratc  to  the  ])art  to  be  burnt,  and  to 
the  part  wbere  the  fixation  forceps  will  be  applied. 

Operations  for  conical  cornea. — The  oljject  is  to 
produce  a  scar  at  the  apex  of  the  cone,  which  by 
contracting  shall  reduces  th(!  curvature,  and  so 
diminish  the  high  degree  of  irregular  myopic 
astigmatism  to  which  the  condition  gives  rise. 

There  are  several  metliods.  (1.)  Grraete's  treat- 
ment consisted  in  first  carefully  shaving  off  the;  apex 
of  the  cone,  without  entering  the  anterior  chamber, 
and  then  producing  an  ulcer  by  touching  the  raw 
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surface  with  solid  mitigated  nitrate  of  silver  (F.  1), 
and  so  obtaininf?  a  scar.  This  method  is  more  painful 
and  less  safe  than  others,  and  is  now  seldom  used. 
(2.)  In  another  operation  the  apex  of  the  cone  is  cut 
oft'  with  a  cataract  knife,  the  anterior  chamber  being 
entered,  and  the  wound  either  left  to  close  or  united 
by  sutures  ;  there  are  several  different  modes  of  re- 
moving the  little  piece.  (3.)  Sir  William  Bowman 
removes  the  outer  layers  of  tlie  cone  by  means  of  a 
very  delicate  cutting  trephine,  and  leaves  the  surface 
to  heal  and  contract.  (4.)  The  galvanic  cautery  is 
now  being  a  good  deal  used  instead  of  the  knife  or 
ti-e])hine  ;  I  have  found  that  the  opacity  left  by  the 
cautci'y  is  apt  to  engage  a  larger  area  than  that 
caused  by  the  cutting  operations,  but  more  experience 
is  needed  before  deciding  on  the  relative  merits  of 
Nos.  2  and  4. 

After-treatment. — Atropine  and  compressive  band- 
age until  the  wound  has  closed  ;  antiphlogistic 
treatment,  and  heat  locally,  if  inflammatory  symp- 
toms arise. 

All  operations  for  conical  cornea  are  difficult  to 
perform  and  somewhat  uncertain  in  result,  but  in 
many  cases  vision  improves,  from  barely  seeing  very 
large  letters  before  operation,  to  reading  small  print 
afterwards.  The  final  result  is  never  gained  for 
several  mouths.  An  artificial  pupil  may  be  neces- 
sary if  a  large  corneal  opacity  finally  remain. 

F.    OPERATIONS  ON  THE  IRIS 

A  portion  of  the  iris  is  very  often  removed  by 
operation  (iridectomy),  and  with  various  objects. 
The  j^rincipal  of  these  arc — (1)  the  direct  improve- 
ment of  sight  by  altering  the  jiosition  and  size  of 
the  pupil  (artificial  jiupil) ;  (2)  to  influence  the 
course  of  an  active  disease — glaucoma,  iritis,  ulcer  of 
cornea  with  hypopyon ;  (3)  to  remove  the  risks 
attending  "exclusion  "  and  "occlusion  "  of  the  pupil, 
by  restoring  communication  between  the  anterior 
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aud  posterior  chambers  ;  (4)  as  a  stage  iu  tlie  extrac- 
tion of  cataract. 

Iridectomy  often  causes  astigmatism  by  giving  rise  to  flat- 
tening of  tliat  meridian  of  the  cornea  which  forms  a  riglit  angle 
with  the  operation  wound,  and  by  bringing  the  edge  of  the 
cornea  and  lens  into  use  permits  the  spherical  aberration  (Fig.  9) 
which  the  iris  naturally  prevents ;  strife,  if  present  in  the  lens, 
add  to  these  difficulties,  all  of  which  are,  ceteris  paribus,  greater 
if  the  artificial  pupil  be  large  and  uncovered  by  the  upper  lid. 
Thus  it  is  evident  that  an  artificial  pupil  should  seldom  be 
made  for  the  optical  improvement  of  sight  unless  the  opacity 
in  or  over  the  natural  pupil  be  such  as  to  interfere  seriously 
with  visual  acuteness. 

Artificial  pupil. — Tlie  object  is  to  remove  the 
portion  of  iris  in  the  jjosition  best  adapted  to  sight ; 
thus,  in  cases  of  leucoma  the  iridectomy  is  made 
ojjposite  the  clearest  part  of  the  cornea.  When  the 
state  of  the  cornea  allows  it,  the  new  pupil  should 
be  made  down-inwards  or  straight  downwards  ;  the 
next  best  placeis  outward  or out-ujiward ;  and  straight 
upwards  is,  of  course,  least  useful,  because  the  new 
puj^il  will  be  covered  by  the  lid.  The  colobonia  should 
generally  be  small,  and  often  only  the  inner  (pupillary) 
part  of  the  chosen  portion  is  to  be  removed,  the  outer 
(ciliary)  part  being  left  (Fig.  147), 
so  as  to  prevent  the  light  passing 
through  the  margin  of  the  lens  (p.  14). 
After  such  an  operation  the  pupil  will 
be  oval  or  pear-shaped,  and  widest  to- 
wards the  centre.  The  incision  should 
lie  in  the  corneal  tissue,  if  only  the  pu-  Fig.  147.— 
pillary  part  of  the  iris  is  to  be  re-  Iridectomy 
moved;  but  if  only  a  narrow  zone  of  downwards 

cornea  remain  clear  the  incision  must  ^ "  "l"if*".*^^ 
T  i  -1     ji         1  ,  lorartihcial 

lie  a  little  outside  the  sclero-corneal  pupil. 

junction,  lest  its  scar  should  interfere 

with  the  trans2)areucy  of  the  remaining  clear  cornea. 

Tlic  loop  of  iris  should  be  cut  off  with  a  single  snip. 

In  iridectomy  for  glaucoma  the  coloboma  is  to  be 

large,  tlio  iris  to  be  removed  c[uite  up  to  its  ciliary 
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attacbment,  and  the  incision  to  lie  as  far  back  in  the 
sclerotic  as  j^ossihle  (1  to  2  mm.  from  the  border  of 
the  cornea  is  not  too  far).  The  colobonia  should  be 
wider  towards  the  wound  than  towards  the  jmpil 
(so  as  to  form  a  "  keyhole  jjupil")  (Fig.  148).  The 
loop  of  iris,  wlien  drawn  out,  is  usually  cut  first  in 
one  angle  of  the  wound,  then  torn  from  its  ciliary 
attachment  by  carefully  drawing  it 
over  to  the  other  angle  of  the  wound, 
and  its  other  end  cut  there. 

The  difficulty  of  making  an  arti- 
ficial pupil  (for  optical  purposes)  of 
Fig.    148. —      the  best  shape,  i.e.  broad  towards  the 
Ivuk'ctoiny       natural  pupil  and  narrow  towards  the 

tor  Erliiuconia.       .  p'-    '■        .  .        ,     ,i  n 

(De  Weckcr.)     circumierence,  is,  owmg  to  the  small 

size  of  the  j^arts,  much  greater  than 
would  be  at  first  supposed,  and  several  methods  are 
in  use.  In  Mr  Critchett's  iridoclesis  a  loop  of  iris  is 
drawn  out,  and  strangulated  by  a  fine  ligature  tied 
round  it  over  the  incision;  the  little  loop  soon  drops 
off,  and  the  result  is  a  peai'-sbaped  pupil,  with  its 
l)road  end  towards  the  centre.  Irritation,  and  even 
destructive  irido-cyclitis,  sometimes  follow,  and  the 
operation  has  therefore  been  abandoned.  Another 
jjlan  is  to  draw  out  a  small  loop  of  iris  with  a  blunt 
hook  (Tyrrell's  hook),  and  to  cut  off  only  the  pupil- 
lary portion  ;  this  method  is  uncertain,  but,  on  the 
whole,  it  gives  good  results. 

Iridotomy  (iritomy). — In  this  opei'ation  an  artifi- 
cial pujMl  is  formed  by  the  natural  gaping  of  a 
simple  incision  in  the  iris.  It  is  only  applicable 
when  the  lens  is  absent.  Through  a  small  incision 
in  the  cornea,  between  the  centre  and  margin,  the 
scissors  (shears)  shown  at  Fig.  149  are  passed  ;  the 
more  pointed  blade  is  passed  behind  the  iris  as 
far  as  is  deemed  necessary,  and  the  iris  and  false 
membrane  divided  by  a  single  closure  of  the  blades. 
It  is  sometimes  necessary  to  make  a  second  cut  at 
an  angle  with  the  first,  so  as  to  include  a  V-shaped 


XXII.  OPERATIONS  ON  THE  IRIS 


379 


tongue  of  iris  which  will  shrink  and  allow  a  larger 
pupil. 

Iridotomy  is  most  useful  Avhen  the  ii'is  has  become 
tightly  drawn  towards  the  opera- 
tion scar  by  iritis  occuri'ing  after 
cataract  extraction  (Fig.  161). 
The  line  of  the  cut  in  the  iris 
should  lie,  as  nearly  as  may  be, 
across  the  direction  of  its  fibres, 
and  should  always  be  as  long  as 
possible.  In  cases  of  this  sort,  or 
when,  even  without  such  dragging 
of  the  iris  toAvards  the  scar,  the 
pupil  is  filled  by  iritic  or  cyclitic 
membrane  after  cataract  extrac- 
tion, iridotomy  yields  a  better 
piipil  than  iridectomy,  and  with 
less  disturbance  of,  and  no  drag- 
ging upon,  the  ciliary  body. 

The  ojjeration  of  iridectomy. — 
Position  recumbent ;  the  operator 
usually  stands  behind.  Ansesthe- 
sia is  often  advisable,  but  many 
operators  j^refer  cocaiu ;  I  myself 
prefer  general  ansesthesia  when- 
ever the  operatioTi  is  ci'itical  or 
likely  to  be  difficult.  Instru- 
ments: stop  speculum  (Fig.  140), 
fixation  forceps,  bent  kei-atome 
(Fig.  150),  iris  forceps,  bent  at 
various  angles  according  to  the 
position  of  the  iridectomy  (Fig. 
152),  iris  scissors  with  elbow  bend 
(Fig.  151),  of  which  some  patterns 
have  one  or  both  blades  probe- 
pointed,  a  curette  (Fig.  156)  or 
small  vulcanite  or  tortoise-shell 
spatula  for  replacing  the  cut  ends  of  the  iris,  and 
preventing  their  incarceration  in  the  angles  of  the 


Fig.  149.  — Irido- 
tomy scissors. 
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wound.  The  iridotouiy  scissoi-s  (Fig.  149)  are  very 
convenient,  especially  for  downward  and  inward 
ojiex'atious,  and  for  the  left  hand.    Some  operators 


prefer  Graefe's  cataract  knife  (Fig.  154)  to  the  tri- 
angular keratome,  in  iridectomy  for  glaucoma. 

The  conjunctiva  is  held  by  the  fixation  forceps 
near  the  cornea,  at  a  point  opposite  to  the  place 
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selected  for  puncture.  (1)  The  keratome  is  to  be 
entered  slowly,  steadily  pushed  on  across  the  an- 
terior chamber  till  the  wound  is  of  the  desired  size, 
then  slowly  withdrawn,  and,  in  withdrawal,  its 
blade  carefully  turned  to  one  side,  so  as  to  lengthen 
the  internal  wound.  Two  points  need  attention : — 
as  soon  as  the  point  of  the  knife  is  visible  in  the  an- 
terior chamber,  it  must  be  tilted  slightly  forwards 
to  avoid  wounding  the  iris  and  lens  ;  and  care  must 
be  taken  not  to  tilt  it  sideways,  for  if  this  be  done  the 
wound,  instead  of  lying  parallel  with  the  border  of 
the  cornea,  will  lie  more  or  less  across  that  line. 
The  incision  is  made  almost  as  much  by  lifting  the 
eye  against  the  knife  with  the  fixation  forceps,  as 
by  pushing  the  knife  against  the  eye.  The  forceps 
are  now  laid  down,  or  if  fixation  be  still  necessary, 
they  are  given  to  an  assistant,  who  is  to  gently  draw 
the  eye  into  the  position  required  for  the  next  step ; 
in  so  doing  he  is  to  draw  away  from  the  eye,  not  to 
push  the  ends  of  the  forceps  against  the  sclerotic. 
(2)  The  iris  forceps  are  introduced,  closed,  into  the 
wound,  and  passed  very  nearly  to  the  pupillary 
border  of  the  iris,  before  being  opened  and  made  to 
grasp  it.  By  seizing  the  pupillary  part  of  the  iris 
its  inner  circle  is  certain  to  be  brought  outside  the 
w^ound,  when  the  forceps  are  now  withdrawn  ;  if  the 
iris  be  seized  in  the  middle  of  its  breadth,  a  button- 
hole may  be  cut  out,  and  the  pupillary  part  left 
standing.  Often  the  iris  is  carried  into  the  wound 
by  the  gush  of  aqueous  as  the  keratome  is  with- 
drawn, and  it  is  then  seized  without  passing  the 
forceps  so  far  into  the  chamber,  (y)  The  loop  of 
iris  having  been  cut  off,  either  at  a  single  snip,  or 
by  cutting  first  one  end  and  then  the  other,  as  in 
glaucoma  (p.  377),  the  tip  of  the  curette  or  spatula 
is  passed  into  each  angle  of  the  wound  to  free  the 
iris,  should  it  be  entangled  ;  it  is  important  to  make 
sure  that  no  iris  is  left  incai'cerated  in  the  track  of 
the  wound.    The  speculum  is  now  removed,  and  the 
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eye,  or  both  eyes,  bandaged  over  a  ])ad  of  cotton 
wool,  either  with  a  four-tailed  bandage  of  knitted 
cotton,  or  two  or  three  turns  of  a  soft  cotton  or 
flannel  roller. 

The  anterior  chamber  is  refilled  in  twenty-four 
hours,  except  in  cases  of  glaucoma,  when  the  wound 
frequently  leaks  more  or  less  for  several  days.  It  is 
as  well  in  all  cases  to  keep  the  eye  bandaged  for  a 
week,  the  wound  being  but  feebly  united,  and  likely 
to  give  way  from  any  slight  blow  or  other  accident. 
When  the  incision  lies  in,  or  partly  in,  the  sclerotic, 
some  bleeding  generally  occurs ;  wlieu  the  eye  is 
much  congested  this  haemorrhage  is  considerable, 
and  the  blood  may  run  into  the  anterior  chamber 
either  during  or  after  the  excision  of  the  iris  ;  it  can 
be  drawn  out  by  depressing  the  lip  of  the  wound 
with  the  curette,  but  if  the  chamber  again  fills,  no 
jjrolonged  efforts  need  be  made,  since  the  blood  is 
usually  absorbed  without  trouble  in  a  few  days.  In 
diseased,  especially  glaucomatous,  eyes,  however,  its 
absorption  is  often  slow.  Secondary  htemorrhage 
sometimes  occurs  from  a  diseased  ii-is  several  days 
after  the  operation. 

Sclerotomy  is  an  operation  for  dividing  the  sclerotic 
near  to  the  margin  of  the  cornea.  It  is  employed  in 
glaucoma  instead  of  iridectomy,  or  after  iridectomy 
has  failed.  The  pupil  is  to  be  contracted  as  much 
as  possible  by  esei'ine  before  the  operation.  It  is 
often  performed  subconjunctivally,aGrraefe's cataract 
knife  (Fig.  154)  being  entered  through  the  sclerotic 
near  the  margin  of  the  cornea,*  passed  in  front  of 
the  iris,  and  brought  out  at  a  corresjjoudiug  jjoint 
on  the  other  side,  so  as  to  include  nearly  one  third 
of  the  circumference;  the  puncture  and  counter- 
puncture  are  then  enlarged  by  slow  sawing  move- 
ments ;  the  central  quarter  of  the  sclerotic  flap  and 
the  whole  of  the  conjunctiva  (except  at  the  punctures) 

*  De  Wcckei-  makes  it  1  mm.  from  the  clear  cornea.  In  my 
own  operations  the  distance  is  generally  about  2  mm. 
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are  left  uudivicled.  The  knife  is  then  slowly  with- 
drawn. The  whole  opei'ation  is  to  be  done  very  slowly, 
that  the  aqueous  humour  may  escape  gradually;  any 
rush  of  fluid  is  likely  to  carry  the  iris  into  the  wound 
and  cause  a  permanent  prolapse,  a  result  to  be  care- 
fully avoided.  If  prolapse  occur  the  iris  should  be 
excised,  and  the  operation  then  becomes  a  very 
peripheral  iridectomy.  A  moderate  degree  of  bulg- 
ing and  separation  of  the  lips  of 
the  two  scleral  wounds  takes 
place  for  a  week  or  two,  when 
the  scar  flattens  dowu,  and 
finally  a  mere  bluish  line  is  left. 
Sclerotomy  is  also  performed 
with  a  triangular  keratome  (Fig. 
150),  the  incision  being  just  as 
for  a  very  peripheral  iridectomy, 
but  no  iris  being  removed  or 
allowed  to  prolapse.  Sclero- 
tomy is  difiicult  to  perform  well, 
is  not  free  from  risk,  and  on  the 
whole  has  not  answered  early 
expectations ;  it  is,  however, 
valuable  as  a  reserve  for  certain 
cases.  In  Fig.  153  I  shows  the 
line  of  incision  in  iridectomy 
for  glaucoma,  and  8  the  line  in 
sclerotomy  ;  comparison  with  Fig.  100,  however,  will 
show  that  even  in  iridectomies  for  glaucoma  the 
position  of  the  wound  may  vary  a  good  deal. 

G.   OPERATIONS  FOR  CATARACT 

1.  Extraction  of  cataract  has  been  systematically 
practised  for  nearly  a  century  and  a  half.  The  ope- 
ration has  passed  through  several  important  changes, 
and  procedures  differing  more  or  less  from  each 
other  are  still  in  use.  All  the  operations  are  diffi- 
cult  to  perform  well,  and  much  practice  is  needed 


Fig.  153. —  Diagram- 
matic section  of  cili- 
ary region,  showing 
path  of  wound  in 
iridectomy  for  glau- 
coma (/)  and  in 
sclerotomy  (iS). 
(  Compare  Fig.  100, 
1  and  2.) 
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to  ensure  the  best  prospect  of  success. 
The  sources  of  possible  failure  are  many, 
and,  as  in  avoiding  one  we  ai'e  very  apt 
to  fall  into  another,  it  cannot  be  ex- 
pected that  any  one  operation  will,  in  all 
its  details,  ever  be  universally  adopted. 
At  present  the  majority  of  surgeons  ad- 
here more  or  less  closely  to  the  operation 
known  as  the  "  modified  linear "  method 
of  von  Graefe,  in  which  iridectomy  forms  a 


Fig.  154. — Graefe's  cataract  knife. 


Fig.  155. — Cataract  spoon. 

step  in  the  proceeding.  There  is,  however, 
a  strong  tendency,  especially  amongst 
operators  of  large  experience,  to  dispense 
with  iridectomy  on  account  of  the  cos- 
metic and  optical  advantages  of  a  round 
pupil.  For  the  last  twelve  months  I  have 
operated,  as  a  rule,  without  iridectomy. 
That  many  cataracts  can  be  easily  and 
safely  extracted  without  iridectomy  ad- 
mits of  no  doubt ;  and  it  appears  equally 
certain  that  some  cases,  especially  where 
the  lens  is  very  hard,  cannot  be  dealt  with 
properly  in  this  way.  Any  operator  of 
experience  is  fully  justified  in  leaving  the 
iris  intact  unless  there  be  difiiculty  in  de- 
livering the  lens  through  the  pupil,  or 
difficulty  in  perfectly  replacing  the  iris 
afterwards,  or  the  patient  be  very  restless  ; 
in  either  of  these  events  iridectomy  should 
be  performed  at  the  moment  when  re- 
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quired.  Eserine  used  just  before  and  a  few  times 
after  the  operation  appears  to  assist  in  preventing 
prolapse  of  the  iris  afterwards.  If  prolapse  occurs,, 
as  it  may,  several  days  after  operation,  it  is  best  to 
remove  it  carefully,  as  in  a  case  of  accidental  wound 
(p.  160). 

All  operations  for  extraction  of  hai'd  cataract  agree 
in  the  following  points : — -(1)  An  incision  is  made  in 
the  cornfla,  at  the  junction  of  cornea  and  sclerotic,, 
or  even  slightly  in  the  sclerotic,  lai'ge  enough  to  give 
exit  to  the  crystalline  lens  unbroken,  and  unaltei'ed 
in  shape.  The  knifenow  almost  universally  employed 
is  the  narrow,  thin,  straight  knife  of  von  G-raefe  (Fig. 
154).  (2)  The  capsule  is  freely  opened  with  a  small, 
sharp-pointed  instrument  (cystitome  or  pricker.  Pig. 
156).  (3)  The  lens  is  removed  thi'ough  the  rent  in 
the  capsule  (the  latter  sti'ucture  remaining  behind), 
either  by  jiressure  and  manipulation  outside  the  eye, 
or  by  means  of  a  traction  instrument  (scoop  or 
spoon,  Eig.  155)  passed  into  the  eye  just  behind  the 
lens.  Few  operators,  however,  use  the  scoop,  except 
for  certain  emergencies  and  special  cases. —  (4)  Iri- 
dectomy is  very  often  performed  as  the  second  stage. 
This  part  of  the  operation  was  originally  introduced, 
less  with  the  object  of  facilitating  the  exit  of  the  lens, 
than  of  preventing  prolapse  of  the  iris  and  lessening 
the  after  risks  of  iritis.  But  these  untoward  results- 
do  not  occur  so  often,  with  cocain  and  antiseptics,  as 
formerly;  and, as  already  stated, many  now  omit  iri- 
dectomy. A  few  of  the  many  surgeons  who  adhere  to 
iridectomy  prefer  to  perform  it  some  weeks  or  months 
before  the  extraction  of  the  lens  {"preliminary  iridec- 
tomy"); the  theory  being  that  ii'itis  is  less  likely  to  fol- 
low if  the  cut  edges  of  the  iris  are  soundly  healed  before- 
the  lens  rubs  against  them  on  its  way  out.  Patients, 
however,  will  not,  or  cannot,  always  submit  to  this 
subdivision  of  the  operation  for  cataract,  and  for  this 
and  other  reasons  of  expediency  preliminary  iridec- 
tomy cannot  be  employed  so  largely  as  may,  i)erliaps, 
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on  theoretical  <,n-()uii(]s  be  desiraUe.  In  uiy  own 
f)nu;tico  I  keep  it  for  cases  wliere  special  risics  or 
<]ifli(;ulties  are  ])resent,  as,  e.  rj.,  where  the  patient  lias 
■only  one  eye. 

Tlie  followino-  are  tiie  chief  varieties  of  ojioratioii 
for  cataract  at  present  ])ractised. 

(a)  Sim/de  linear  extraction  (best  described  here, 
thou^di  not  applicable  to  hard  cataract).  A  small 
incision  (4  to  (J  mm.)  is  made  by  a  heratome  {F\i>;. 
150)  well  within  the  margin  of  the  cornea,,  with  a 
small  iridectomy  if  necessary.  After  ()penin<^  the 
■capsule  the  lens  is  squeezed  ont  piecemeiil,  or 
■coaxed  ont  by  (h!pressing  the  outer  lip  of  tlie  wound 
with  the  curette  (Fi<^.  156) .  Only  quite  soft  cataracts, 
■or  those  in  which  tiie  nucleus,  though  firm,  is  very 
small,  can  be  so  dealt  with. 

The  wish  to  extend  the  princijile  of  a  straight 
wound  to  fnll-siz<'d  hard  cataracts,  led  von  Graefe, 
in  1865,  to  introdu(;e  (h)  the  "modified  linear" 
■or  "■peripheral  linear"  extraction,  in  which  tlie 
incision  lies  slightly  beyond  the  sclero-corneal  junc- 
tion (Fig.  158,  2),  and  consequently  involv(!s  the 
•conjunctiva,  of  which  a  flap  is  made.  The  incision 
is  intended  to  form  an  arc  of  the  largest  possible 
■circle,  i.  e.  of  the  scleral,  not  of  the  corneal,  curve ; 
its  plane,  therefore,  must  lie  as  nearly  as  may  ha  in 
.a  radius  of  the  scleral  curve,  and  at  a  considerable 
angle  with  that  of  the  iris  (Fig.  159,  2).  A  large 
iridectomy  is  performed  as  the  second  stage.  The 
incision  is  made  with  the  Grraefe  knife  (Fig.  154), 
which  is  at  first  directed  towards  the  centre  of  the 
pupil  and  then  brought  up  to  the  seat  of  counter- 
puncture.  The  edge  is  turned  somewhat  forward 
■during  the  greater  part  of  the  proceeding,  and  the 
•cut  completed  by  sawing  movements  if  needful. 
The  disadvantages  of  the  jieriplieral  linear  extrac- 
tion are — the  frequency  of  bleeding  from  the  con- 
junctiva into  the  anterior  chamber,  the  parts  being 
thus  obscured ;  a  considerable  risk  of  loss  of  vil  r('(Uis, 
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owing  to  the  peripheral  position  of  the  wound,  and 
sometimes  a  difficulty  in  making  the  lens  present 
well ;  a  small  but  appreciable  risk  that  the  ojjerated 
■eve  will  set  up  sympathetic  inflammation,  the  wound 
lying  lu  the  "dangerous  region"  (p.  145);  lastly, 
there  is  a  tendency  to  make  the  wound  rather  too 
short  iu  order  to  avoid  some  of  these  risks,  and  thus 
•difficulties  are  introduced  iu  the  clean  removal  of 
the  lens.  Its  great  advantage  lies  in  the  very  small 
attendant  risk  of  suppurative  inflammation. 

A  variety  of  this  operation  consists  in  placing  the 
incision  rather  further  down,  and  at  the  same  time 
giving  it  a  somewhat  sharper  curve,  so  that  it  forms 
an  arc  of  a  smaller  circle  than  before,  but  is  still  not 
conceutric  with  the  cornea  (Fig.  158,  3,  upper  sec- 
tion). The  puncture  is  directed  somewhat  down- 
wai'ds  (as  at  the  right-hand  end  of  the  figure),  and 
its  plane,  wliich  at  the  puncture  and  counter-punc- 
ture is  almost  parallel  with  the  iris,  alters  to  nearly 
a  right  angle  at  the  summit  of  the  flaj).  The  track 
of  the  wound,  if  shaded,  would  appear  as  in  the 
figure. 

{(■)  Short  flap  (de  Wecker). — The  incision,  made 
with  the  same  knife,  lies  exactly  at  the  sclero-corneal 
junction,  and  is  of  such  an  e.vtent  that 
it  has  a  height  of  about  3  mm.  {\  of 
the  diameter  of  the  cornea)  (Fig.  157). 
A  narrow  rim  of  conjunctiva  remains 
attached  to  the  flap.  I'he  iridectomy,  if 
made,  is  small  (as  in  Fig.  147).  For 

very  bulky  cataracts  this  incision  is  not  Fro.  157.  

^juite  large  encmgh.  Slioi-t  flap. 

(fZ)  The  incision  has  nearly  the  same 
curve  and  jjlane  as  in  h,  but  the  greater  part  of  it 
lies  considerably  within  the  margin  of  the  cornea 
(corneal  section),  and  iridectomy  is  usually  dispensed 
with.  Liel)reich  and  Bader  make  the  .section  down- 
wards, its  plane  forming  an  angle  of  about  45°  with 
that  of  the  iris  (Fig.  158,  3,  lower  section).  In 
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Lebrun's  corneal  oiieratiou  an  almost  identical  sec- 
tion is  made  upwards  ;  the  iijiper  section  of  3,  Fig. 
158,  if  placed  further  in  the  cornea,  would  nearly 


Fia.  158. — Piillis  of  incision  for  o.xtniction  of  cataract.  1,  old 
fin]);  2,  ])cri]>licral  linear;  3  (upjicr  fig.),  a  variety  of  the 
peri])!ieral  linear;  (lower  fig.)  corneal  section.  The  wound 
a])])ears  a.s  a  narrow  slit  (2)  or  a  broad  tract  (1),  when  seen 
from  the  front,  according  to  tlie  inclination  of  its  plane. 
The  dotted  circle  shows  Die  average  outline  of  the  lens. 
Compare  Fig.  159. 

represent  it.  The  corneal  ojDerations,  without  iri- 
dectomy, are  easy  to  perform,  compared  with  those 
in  which  the  section  lies  further  back;  the  wound,, 
however,  does  not,  on  the  whole,  heal  so  quickly, 
and  it  is  more  likely  to  reopen  about 
the  fourth  or  fifth  day. 

(e)  Old  flap  extraction  (Daviel,  Beer,, 
now  very  little  used). — The  incision  was 
slightly  within  the  visible  margin  of  the- 
cornea,  concentric  with  it,  and  equal  to 
at  least  half  its  circumference  (1,  Fig.. 
158),  thus  forming  a  large  arc  of  a 
small  circle  ;  the  jslane  of  the  incision 
being  parallel  with  that  of  the  iris  (1^ 
159)  ;    no  iridectomy  was  made. 


Fig. 159.— 

The  same 
sections 
seen  in 
profile, 
showing 
the  plane 
of  the  in- 
cision in 
1,  2,  and 
the  lower 
section  of 
3. 


Fig. 


Fig.  IGO. — Beer's  cataract  knife. 

The  incision  was  made  with  the  trian- 
gular knife  of  Beer  (Fig.  160),  in  which 
the  blade   near  its  heel   is  somewhat 
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wider  than  the  height  of  the  fla]),  the  section  being 
completed  by  simply  pushing  the  knife  across  the 
anterior  chamber  flat  with  the  iris,  its  back  corre- 
sponding to  the  base  of  the  intended  flap.  The 
inner  length  of  the  wound  is  less  than  the  outer  by 
the  thickness  of  the  obliqnely  cut  cornea  at  each 
•end  (1,  Fig.  158). 

The  flap  operation  was  usually  done  without 
either  anaesthesia,  speculum,  or  fixation  forceps. 
The  after-treatment  was  troublesome.  But  the 
great  height  of  the  flap,  in  proportion  to  its  width, 
renders  it  very  liable  to  gajie  or  even  to  fall  for- 
wards, and  this,  with  the  fact  that  the  whole  wound 
lies  in  corneal  tissue,  considerably  increases  the 
risks  of  large  and  dangerous  prolapse  of  the  iris  and 
of  raj^icl  suppurative  inflammation  of  the  cornea. 
For  these  reasons  the  old  flap  extraction  has  been 
almost  abandoned  in  favour  of  the  peripheral  linear, 
corneal  section,  and  short  flap  operations,  which 
yield  a  much  larger  average  of  useful  eyes. 

Historically,  the  flap  operation  was  the  earliest ; 
then  came  the  linear  operation ;  thirdly,  the  modified 
or  i>eripheral  linear  operation,  with  iridectomy  ;  then 
the  modern  corneal  ©iterations  and  short  flap,  the 
aim  of  which  is  to  gain  the  substantial  advantages 
both  of  the  old  flap  and  the  modified  linear  methods, 
without  the  great  risks  of  the  former  or  the  imper- 
fections of  the  latter;  lastly,  iridectomy  has,  as 
stated  above,  been  again  abandoned,  more  or  less 
completely,  by  many  operators. 

Of  other  operations  the  most  important  is  Pagen- 
stecher's,  in  which  the  lens  is  removed  by  a  scoop  in 
its  unbroken  capsule.  It  is  most  applicable  to  cata- 
racts which  are  over-ripe  or  are  complicated  with  old 
iritis,  and  to  Morgagnian  cataract  (p.  172). 

(For  methods  of  dealing  with  unripe  senile  cata- 
ract, see  p.  175.) 

The  chief  complications  which  may  arise  durimj 
extraction  of  cataract  are  : — (1)  too  short  an  incision  ; 
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this  is  best  remedied  by  enlarging  with  a  small  beut 
"  secondary  knife."  (2)  Escape  of  vitreous  before 
expulsion  of  the  lens  ;  this  is  a  signal  for  the  prompt 
removal  of  the  lens  with  a  scoop  (Fig.  155),  the 
vitreous  b(!ing  afterwards  cut  off  level  Avith  the  wound 
by  scissors.  (3)  Portions  of  the  lens  remaining 
behind  after  the  chief  bulk  has  been  expelled  ;  they 
should  he  coaxed  out  l)y  gentle  manipulation  after 
removal  of  the  speculum. 

After -treatment  of  extraction. — The  patient  is  best 
in  bed  for  from  four  to  seven  days.  The  dressing 
consists  of  a  piece  of  soft  linen  overlaid  by  a  j^ad  of 
cotton  wool  or  alembroth  tissue,  and  kept  in  place 
by  a  four-tailed  bandage  of  knitted  cotton,  or  a 
narrow  flannel  or  oj^en  tissue  roller.  Both  eyes  are 
to  be  T)andaged.  The  room  is  usually  kept  jjartly 
dai'k  for  about  a  week,  all  dressings  and  examina- 
tions Ijeing  made  by  the  light  of  a  candle. 

Some  operators  keep  their  cataract  patic'iit.s  from  the  first  in 
daylight  and  with  no  other  dressing  tliaii  some  strips  of  isin- 
glass plaster  to  maintain  closure  of  the  lids.  Others  bandage 
only  the  operated  eye.  Old  people  occasionally  get  delirious  if 
kept  in  bed  and  in  the  dark  after  extraction  of  cataract  or 
iridectomy,  and  for  such,  at  any  rate,  the  ordinary  rules  as  to 
bandaging,  dsirkuess,  and  confinement  to  bed  must  be  relaxed. 
In  my  experience  the  subjects  of  this  delirium  have  usually 
been  alcoholics ;  but  I  believe  that  imprudent  use  of  strong 
mydriatics  may  produce  it  in  some  old  persons  who  have  not 
been  habitual  drinkers. 

During  the  first  few  hours  there  will  be  some  sore- 
ness and  smarting,  and  at  the  first  dressing,  from 
twelve  to  twenty-four  hours  after  operation,  a  little 
blood-stained  fluid,  but  after  this  there  should  be  no 
material  discomfort,  and  nothing  more  than  a  little 
mucous  discharge,  such  as  old  people  often  have. 
The  dressings  are  removed,  and  the  lids  gently 
cleansed  with  warm  Avater  once  or  twice  a  day,  their 
edges  T)eing  separated  by  gently  drawing  down  the 
lower  lid,  so  as  to  allow  any  retained  tears  to  escape; 
this  cleansing  is  very  gi'ateful  to  the  jjatient.  Some 
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surgeons  open  the  lids  and  look  at  the  eye  the  day 
after  the  ojjeration ;  but  many  jirefei*  to  leave  them, 
closed  for  several  days  unless  there  are  signs  that 
the  case  is  doing  badly  (p.  176).  It  is  a  good 
practice  to  use  one  drop  of  atropine  daily  after  the 
third  day,  to  prevent  adhesions  should  iritis  set  in  • 
but  if  no  iridectomy  have  been  made,  I  prefer  not  to- 
use  ati'opine  till  about  the  fifth  day,  because  if  the- 
wound  should  reopen  whilst  the  pupil  is  dilated  pro- 
lajjse  of  iris  is  more  likely  to  occur  than  if  the  pujsil 
be  small.  When  first  examined  (from  two  to  seven 
days  after  operation)  the  eye  is  always  rather  con- 
gested from  having  been  tied  up  ;  but  there  should 
be  no  chemosis,  the  wound  should  be  united  so  as  to- 
retain  the  aqueous,  and  its  edges  clear.  The  pupil  i» 
expected  to  be  black  unless  it  is  known  that  portions: 
of  lens  matter  have  been  left  behind.  If  all  be  well, 
the  bandage  may  be  left  off  during  the  da.ytime  at 
the  end  of  a  Aveek  or  ten  days,  a  shade  being  worn  ; 
but  it  should  be  re-applied  at  night  for  the  first  two 
or  three  weeks  to  j^revent  accidents  from  niovements 
during  sleep.  At  the  end  of  a  fortnight,  if  the 
weather  be  fine,  the  patient  may  begin  to  go  out,  the 
eyes  being  carefully  protected  from  light  and  wind 
by  dark  goggles,  and  he  may  be  out  of  the  surgeon's, 
hands  in  from  thi'ee  to  fonv  weeks. 

A/ler-operations. — When 
iritis  occurs  (p.  177)  the 
pupil  becomes  more  or  less 
occluded  by  false  mem- 
brane, and  the  subsecpient 
contraction  of  this  mem- 
brane may  draw  the  iris  to- 
Avards  the  scar,  so  that  the 
pupil  is  at  once  blocked 
and  displaced  (Fig.  161). 
In  slight  cases,  where 
the  pupil  is  not  dragged 
out  of  place,  sight  is  greatly  improved  by  simply 


FiO.  IGl. — Diap-riim  of  oc- 
clusion iiiid  disijliiccinciit 
of  ])iipil  from  iritis,  after 
ii])\vai'(l  cvtractiou  oi"  cata- 
r.-ict. 
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teariiif^  aci'oss  the  membrane  and  capsule  with  a  fine 
needle,  and  treating  the  case  as  after  discission  of 
soft  cataract.  In  doing  this  the  needle  should  be 
passed  deeply  enough  to  tear  tlie  posterior  capsule 
Jilso,  so  tjjat  the;  vitreous  by  bulging  forward  may 
keep  the  o]jening  iu  the  capsule  ])atent  (compare 
Discission  of  Soft  Cataract),  in  which  cai-e  is  taken 
nol  to  go  so  deei)ly.  But  in  severer  cases  an  artificial 
pu])il  must  be  made,  either  bv  iridectomy  or  iridotomy 
(p.  378). 

2.  Sohdion  (I)iHciHnion)  0])erationK. — In  these  the 
lens  is  gradually  absorbed  by  the  action  of  the 
aqueous  liumour  admitted  Ihrougli  a  wound  in  the 
<.-apsule  (pp.  173  and  T80).  — (I)  The  pupil  is  fully 
dilated  l>y  atropine  ;  (2)  the  lids  are  held  open  by 
the  fingers,  or  a  stop  speculum  and  fixation  forceps 
used  ;  (3)  a  fine  cataract  needle  (Pig.  162)  is  dii'ected 
to  a  point  a  little  within  tlie  border  of  the  cornea 
(usually  the  outer  border),  and  when  close  to  its  sur- 
face is  plunged  quickly  and  rather  obliquely  into  the 


Fig.  162.— Cataract  needle.  Fig.  1G3. — Discission  of 

cataract. 


anterior  chamber.  Its  point  is  then  carried  to  the 
centre  of  the  ])upil  (Fig.  163),  dipped  back  through 
the  lens-capsule,  and  a  few  gentle  movements  made 
so  as  to  break  up  the  centre  of  the  anterior  layers  of 
the  lens  ;  (4)  the  needle  is  then  steadily  withdrawn. 
Special  care  is  taken  not  to  wound,  nor  even  touch, 
the  iris,  either  on  entering  or  withdrawing  the  needle, 
not  to  stir  up  the  lens  too  freely,  nor  to  go  so  deeply 
as  to  perforate  the  ]30sterior  ca])sale  and  so  engage 
the  vitreous.  A  general  anaesthetic  is  necessary  only 
for  young  children  or  excessively  nervous  patients  ; 
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liut  it  sboukl  always  be  in  readiness  and  the  patient 
pre]>aved. 

Affer-treatment. — Tlie  pupil  to  be  kept  Avidely 
dilated  with  atropine  (F.  31),  a  drop  being  applied 
after  the  operation,  and  at  least  six  times  a  day 
afterwards,  or  mucli  oftener  if  there  be  threatening 
of  iritis.  Ice  or  iced  water  is  usually  to  be  applied 
constantly  for  twenty-four  to  forty-eight  hours  after 
the  operation,*  as  for  threatened  traumatic  iritis  (p. 
135),  and  the  patient  to  remain  in  bed  in  a  dai'kened 
room  for  a  few  days.  A  little  ciliary  congestion  for 
two  or  three  days  need  cause  no  uneasiness,  but  the 
occurrence  of  pain,  inci'ease  of  congestion,  and  altera- 
tion in  the  colour  of  the  iris  (commencing  iritis), are 
indicaticms  for  the  ajvplication  of  leeches  near  the 
eye,  and  the  more  fiecpient  use  of  atropine. 

If  the  cataract  was  complete,  no  marked  change 
will  be  seen  for  some  weeks  ;  if  partial  (e.ff.  lamel- 
lar), in  a  day  or  two  the  part  of  the  lens  near  the 
needle  wound,  and  in  a  few  days  the  whole  lens, 
will  become  opacjue.  In  from  six  to  eight  weeks  the 
lens  will  have  become  notably  smaller  (flattened  or 
hollowed  on  the  front  surface).  If  the  eye  be  per- 
fectly quiet,  Imt  not  unless,  the  operation  may  now 
be  repea,ted  in  exactly  the  same  way,  and  with  the 
same  after-treatment  and  precautions,  but  the  needle 
may  be  used  more  freely.  The  bulk  of  the  lens  will 
generally  disappear  after  the  second  operation,  but 
the  needle  may  have  to  be  used  a  third  or  a  fourth 
time  for  the  disintegration  of  small  residual  pieces, 
or  in  order  to  tear  the  capsule  if  it  have  not  retracted 
enough  to  leave  a  clear  central  pupil.  A  small 
whitish  dot  remains  in  the  cornea  at  the  seat  of  each 
needle  puncture. 

3.  Extraction  by  suction. — This  operation  (like 
simple  linear  extraction,  p.  386)  is  applicable  to  com- 
pletely soft  cataracts.    The  pupil  is  to  be  dilated  by 

*  I  liave  to  tliniik  my  collftaguo,  Mr.  Cliimi,  for  this  vidiiablc^ 
sutrsfistion. 
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atropine.  The  lens-capsule  is  opened  as  in  Discis- 
sion, but  more  freely.  Then  an  incision  is  made 
oLliquely  throuj^h  the  cornea,  between  its  centre 
and  margin,  with  a  keratome  (Fig.  150)  or  broad 
needle  (Fig.  145),  and  the  nose  of  the  syringe 
jjassed  through  the  wound  and  gently  dipped  into 
the  lacerated  lens-substance.  By  very  gentle  suction 
the  semi-fluid  lens-matter  is  then  drawn  gradually 
into  the  syringe.  The  instrument  is  not  to  be 
passed  l)ehind  the  iris  m  search  of  fragments. 
Nearly  the  whole  of  tiae  lens  can  thus  be  removed. 
The  after-treatment  is  the  same  as  for  needle  opera- 
tions. Two  forms  of  syringe  are  in  use:  Tcsale's,  in 
which  the  suction  is  made  by  the  mouth  iipjilied  to  a 
])iece  of  llexil)le  india-rubber  tubing;  Bowman's,  in 
which  the  suction  is  obtained  by  a  sliding  piston 
worked  by  the  thumb  moving  along  the  syringe.  It 
is  often  better,  and  in  lamellar  cataract  necessary,  to 
break  up  the  lens  freely  with  a  line  needle  a  few  days 
before  using  the  syringe,  and  thus  allow  it  to  be 
thoroughly  macerated  and  softened  in  the  aqueous 
humour  ;  atropine  and  ice  must  be  used  freely  in  the 
interval  between  this  needle  opei'ation  and  the  suc- 
tion ;  and  the  surgeon  must  be  pi-epared  to  interfere 
before  the  day  appointed  for  the  suction,  should 
severe  |)ain  or  increase  of  tension  occur  from  the 
rapid  swelling  of  the  lens  (p.  180).  Suction  is  more 
difficult  to  perform,  and  perhaps  less  safe,  than 
simple  linear  extraction,  but  I  have  myself  no  ob- 
jection to  make  against  it. 

Anieslhesia  in  Ophthalmic  Surgery. — Before  the 
introduction  of  cocain  (October,  1884)  there  was 
much  diversity  of  practice  in  resjiect  to  anaesthesia, 
many  surgeons  preferring  to  perform  extraction  of 
cataract,  tenotomy  for  squint,  and  simple  iridectomy, 
without  ansesthesia,  whilst  others  preferred  ether  or 
chloroform  for  nearly  all  operations.  Cocain  has 
immensely  facilitated  operating  without  general 
ancesthesia,  but  of  ctmrse  some  will  continue  to  use 
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ether  or  chloroform,  where  others  feel  able  to  rely 
solely  oil  the  local  anaesthetic.    lu  using  cocaiu  for 
the  eye  we  have  to  remember  that  it  does  not  affect 
the  sensibility  of  the  borders  of  the  lids,  nor  in  any 
constant  manner  that  of  the  iris,  unless  used  many 
times  for  at  least  half  an  hour,  nor  that  of  the 
muscles  and  deeper  parts,  unless  injected  under  the 
conjunctiva.    Hence  the  introduction  and  j^i'essure 
of  the  speculum  are  always  more  or  less  felt,  there  is 
usually  some  little  pain  when  the  iris  is  seized  and 
drawn  out,  and  decided  pain  Avhen,  in  tenotomy,  the 
tendon  is  stretched  on  the  hook  (unless  subcon- 
junctival injection  have  been  resorted  to).    It  must 
further  be  remembei'ed  that  the  patient  is  conscious 
and  knows  that  something  critical  is  being  done,  and 
that  his  good  behaviour  dej^ends  almost  as  much  on 
absence  of  fear  as  on  absence  of  feeling;  and,  again, 
that  the  painlessness  of  one  step  of  an  operation 
(e.  g.  the  section  in  extraction  of  cataract)  contrasts 
strongly  Avith  the  sensation  or  pain  felt  in  another 
stage  (e.g.  the  iridectomy),  and  that  the  patient  will 
be  likely  to  start  or  jump,  unless  warned,  at  such  a 
stage.    My  own  experience  leads  me  to  use  cocain 
in  all  cataract  extractions  and  discissions  (unless  for 
some  jseculiar  reason  ether  or  chloroform  be  needed), 
for  neai'ly  all  tenotomies  and  operations  for  corneal 
ulcer  and  conical  cornea,  and  for  some  simple  iridec- 
tomies ;  and  to  avoid  it  usually  in  iridectomy  for 
glaucoma  and  for  synechise  whether  anterior  or  pos- 
terior.   I  have  not  myself  used  it  much  for  lacrimal 
cases ;  nor  have  I  excised  the  eyeball  under  its  in- 
fluence ;  but  it  may  bo  used  for  both  purposes  witli 
fair  success.    For  small  lid  tumours,  subcutaneous 
injection  is  very  successful.    For  granular  lids  or 
lupus  of  conjunctiva,  a  strong  solution  (10  to  20  per 
cent.)  may  be  painted  on  before  touching  with  actual 
cautery  or  caustics ;  but  it  is  better  for  such  cases, 
and  also  whenever  the  eyeball  is  congested  and  pain- 
ful, to  use  the  solid  cocain  salt,  powdered  and  rubbed 
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over  the  surface  with  a  brush  or  the  fin^-er.  For 
cataract  a  solution  of  2  per  cent.,  or  a  single  disc 
<:ontaining  ^TSn  gi'aiu,  repeated  three  times  within 
five  minutes  of  the  operation,  is  generally  quite 
enough.    Solutions  should  be  freshly  made. 
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CHAPTER  XXIII 

In  stating  very  shortly  the  most  important  facts 
bearing  on  the  connection  between  diseases  of  the 
eye  and  of  other  jiarts  of  the  body,  it  is  convenient 
to  make  the  following  subdivisions  : — (A)  the  eye 
changes  occur  as  part  of  a  general  disease;  (B)  the 
ocular  disease  is  symptomatic  of  some  local  malady 
at  a  distance ;  (C)  the  eye  shares  in  a  local  process, 
affecting  the  neighbouring  parts. 

(For  the  clinical  details  of  the  various  eye  diseases 
referred  to  in  this  chapter,  see  Part  II.) 

A.  General  diseases,  in  which  the  eye  is  liable  to 
suffer. 

Syphilis  is,  directly  or  indirectly,  the  cause  of  a 
large  proportion  of  the  more  serious  diseases  of  the 
eye. 

1 .  Acquired  syphilis. — Primary  stage. — Hard  chan- 
cres are  occasionally  seen  on  the  eyelid,  and  even  far 
back  on  the  conjunctiva  (p.  72). 

Secondary  stage  (sore  throat,  shedding  of  hair, 
eruption  and  condylomata). — Iritis  is  common  be- 
tween two  and  eight  or  nine  months,  and  does  not 
occur  later  tiian  about  eighteen  mouths,  after  the 
contagion  ;  in  from  two-thirds  to  three^fourths  of 
the  cases  both  eyes  suffer;  there  is  a  marked  ten- 
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(leiicy  to  exudation  of  lyiiipli  (plastic,  iritis),  sliown 
liy  Ivcratifis  ]tniictiita,  liaze  of  coniL-a,  and  less  com- 
monly by  lympli-iiodulcs  on  the  iris.  In  some  cases 
there  are  symptoms  of  severe  cyclitis,  leading  to  de- 
tachment of  retina  and  secondary  catanu't,  iind  hut 
little  iritis  ;  but  the  cyclitis  of  accjuired  syphilis  does 
not  give  rise  to  ciliary  staphyloma  (compare  p.  140). 
Syphilitic  iritis,  though  sometimes  jirotractcd,  rarely 
ndapses  after  complete  sul)sidence. — Choroiditis  and 
?7'(!2».y'^/A' generally  set  in  rather  later,  from  six  mouths 
to  about  two  years  after  the  chancre;  seldom  as  late 
as  four  years.*  The  two  conditions  are  most  often 
seen  together,  but  either  may  occur  singly  ;  and  in 
each  the  vitreous  generally  becomes  inflamed.  These 
conditions  are  essentially  (;hi"onic,  the  retinitis  being 
often,  and  the  choroiditis  sometimes,  liable  to  re- 
peated exacerbations  or  recurrences  ;  whilst  in  some 
<'ases  the  secondary  atrophic  changes  progress  slowly 
tor  years,  almost  to  blindness,  often  with  pigmenta- 
tion of  the  retina.  Sy[ihilitic  choroiditis  and  reti- 
nitis usually  aii'ect  l)0th  eyes,  but  often  in  an 
unequal  degree,  and  even  when  severe  the  disease 
is  occasionally  limited  to  one  eye. — Keratitis,  in- 
distinguishable from  that  of  inherited  syphilis,  is 
amongst  the  rarest  events  in  the  acquired  disease ; 
when  it  occurs  it  is  usually  in  the  secondary  stage  of 
the  disease. 

Later  periods. — Ulceration  of  the  skin  and  cou- 
iunctiva  of  the  lids,  gummatous  infiltration  of  the 
lids  and  sclerotic,  and  nodes  in  the  orbit  (whether 
cellular  or  periosteal)  occur  but  rarely.  Oculo-motor 
jmralysis  is  one  of  the  frequent  ocular  results  of 
syphilis.  It  may  depend  ujiou  gumma  (syphilitic 
neuroma)  of  the  affected  nerve  or  nerves  in  the  orbit 
or  in  the  skull,  or  upon  gummatous  inflammation  of 
the  dura  mater  at  the  base  of  the  skull,  matting  the 
nerves  together,  or  on  disease  of  nerve-centres.  The 

*  A  few  cii.ses  arc  on  record  in  wliicli  it  apjieiircil  not  (o  have 
hegiiii  till  about  ten  years  alter  infection. 
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gummatous  nerve-lesions  seldom  occur  very  late  in 
tertiary  syphilis. 

The  optic  disc  is  often  inflamed,  or  atrophied  as  an 
indirect  result  of  syphilitic  disease  of  tbe  eye  or  of 
the  nervous  system;  but  the  terms  "  syphilitic  optic 
neuritis"  or  "syphilitic  optic  atrophy"  are  not  often 
applicable  in  any  more  direct  sense  (compare  p.  227). 
— The  retinitis  of  the  secondary  stage  affects  the  disc, 
and,  when  atrophy  of  the  retina  and  choroid  occur, 
the  disc  becomes  wasted  in  proportion  ;  whilst  in  rare 
cases  the  retinitis  of  secondary  syphilis  is  rephiced 
])y  well-marked  pajjillitis.  Such  cases  must  not  be 
confused  with  others,  still  more  rare,  in  which  double 
papillitis,  passing  into  atrophy,  occurs  with  all  the 
symptoms  of  severe  meningitis,  iu  secondary  syphilis. 
Tertiary  syphilitic  disease,  anywhere  within  the  cra- 
nium,commonly  causes  optic  neuritis,  in  the  sameway 
as  do  other  coarse  intracranial  lesions  (p.  221)  ;  but 
neuritis  may  also  be  caused  more  directly  by  gum- 
matous inflammation  of  the  trrinkof  the  optic  nerve, 
or  of  the  chiasma. — Primary  progressive  atropliy  of 
the  discs  occurs  in  association  with  locomotor  ataxy 
and  ()2:)hthalmoplegia  externa  of  syphilitic  origin  ; 
probably  in  a  few  instances  the  optic  atrophy  occurs 
alone,  or  for  a  time  precedes  the  other  changes  in 
.syphilitic,  as  it  is  known  to  do  in  non-syphilitic, 
ataxy. 

Sight  is  liable  to  be  raj^idly  damaged  from  severe 
acute  loss  of  blood,  especially  from  the  stomach  ; 
usually  both  eyes  suffer,  but  often  unequally.  When 
seen  quite  early  papillitis  has  been  found,  Init  the 
cases  are  often  not  seen  till  the  appearances  of  atrophy 
have  come  on. 

2.  Inherited  si/'pliilis. — In  the  secondary  stage. — ■ 
Iritis  corresponding  to  that  in  the  acquired  disease 
is  seen  in  a  small  number  of  cases,  and  occurs  be- 
tween the  ages  of  about  two  and  fifteen  months.  It 
often  gives  rise  to  much  exudation,  leading  to  (icclii- 
sion  of  lh(;  pupil,  and  is  frequently  accompanied  by 
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deej-yei-  changes  (cyclitis  and  disease  of  vitreous).  It 
is  very  often  symmetrical,  and  is  much  commoner  in 
girls  than  boys. — Choroiditis  and  retinitis,  of  jjreciselv 
the  same  forms  as  in  acquired  syphilis,  occur  at  the 
corres]>onding  period  of  the  disease,  i.  e.  between  six 
months  and  about  three  years  of  age;  and  they  show 
as  much  (some  observers  think  more)  tendency  to 
the  degenerative  and  atrophic  results  already  de- 
scribed ;  in  severe  cases  there  are  not  uncommonly 
signs  of  cerebral  degeneration.  In  the  later  stages, 
keratitis,  which  is  the  commonest  eye  disease  caused 
by  inherited  syphilis,  occurs.  It  is  commonest 
between  six  and  fifteen  years  old,  but  is  sometimes 
seen  as  early  as  two  or  three  years,  and  is  occa- 
sionally deferred  till  after  thirty.  The  disease  is 
frequently  complicated  with  iritis  and  cyclitis,  and, 
though  tending  to  recovery,  shows  a  considerable 
liability  to  relapse.  It  almost  alwciys  attacks  both 
eyes,  though  sometimes  at  an  interval  of  many 
months.  When  the  patient  is  unusually  young,  the 
disease  as  a  rule  runs  a  mild  and  short  course. — ■ 
The  oculo-motor  palsies  occur  but  rarely  in  inherited 
syphilis,  but  a  few  well-authenticated  cases  are  on 
record. 

Smallpox  causes  inflammation  and  ulceration  of 
the  cornea,  leading,  in  the  worst  cases,  to  its  total 
destruction,  but  in  a  large  number  to  nothing  worse 
than  a  chronic  vascular  ulcer.  The  corneal  disease 
comes  on  some  days  after  the  eruption  (tenth  to 
fourteenth  day  from  its  commencement),  and  after 
the  onset  of  the  secondary  fever.  Iritis,  uncompli- 
cated and  shoAving  nothing  characteristic  of  its  cause, 
sometimes  occurs  some  weeks  after  an  attack  of 
smallpox.  Only  in  very  rare  cases  do  variolous  pus- 
tules form  on  the  eye,  and  even  then  they  are  always 
on  the  conjunctiva,  not  on  the  cornea. 

Scarlet  fever,  typhus,  and  some  other  exanthemata 
may  be  followed  by  rapid  and  complete  loss  of  sight, 
lasting  a  day  or  two,  showing  no  ophthalmoscopic 
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changes,  and  ending  in  recovery.  Such  attacks  are 
believed  to  be  urjeniic,  or  at  any  rate  dependent  on 
some  toxic  condition  of  the  blood.  A  peculiarity 
of  these  cases  is  the  preservation  of  the  action 
of  the  pupils  to  light. — Very  severe  purulent  or 
diphtheritic  o|>htlialniia  sometimes  occurs  during 
scarlet  fever. 

Diphtheria. — By  far  the  commonest  result  is 
paralysis  (often  incomplete)  of  both  the  ciliary 
muscles  {cyclophfjia)  ;  the  pupils  are  not  affected 
except  in  severe  cases,  when  they  may  be  rather 
large  and  sluggish.*  The  symptoms  generally 
come  on  from  four  to  six  weeks  after  the  com- 
mencement of  the  illness,  last  aljout  a  month,  and 
disappear  completely.  Di])litheritic  cycloplegia  is 
usually,  but  not  invariably,  accompianied  by  para- 
lysis of  the  soft  palate.  In  most  of  the  cases-  seen 
by  02:)hthalmic  surgeons  the  attack  of  diphtheria 
lias  been  mild,  sometimes  extremely  so,  the  case 
often  being  described  as  "  ulcerated  throat ;  "  but 
inquiry  often  yields  a  history  of  other  and  severer 
cases  in  the  family,  aud  of  general  depres- 
sion and  weakness  in  the  patient  out  of  2)roportion 
to  his  throat  sym2)toms.  We  find  that  most 
of  the  patients  who  a]>ply  with  dip)htheritic  cyolo- 
]ilegia  are  hypermetropic,  doul)tless  because  those 
with  normal  (and  a  fortiori,  with  myopic)  refraction 
are  raixcli  less  troubled  by  paresis  of  accommodation, 
aud  often  do  not  find  it  necessary  to  seek  advice. 
Concomitant  convergent  sc^uint  is  sometimes  de- 
veloped in  hypermetropic  children  during  the 
diphtheritic  paresis,  owing  to  the  increased  efforts  at 
accommodation  (p.  314).  Paralysis  of  the  external 
muscles  is  occasionally  seen  ;  I  have  never  myself 
seen  any  except  the  external  rectus  att'ected,%Lnd 
recovery  has  been  rapid. 

Diphtheritic  and  meinhranous  ophthalmia  are  occa- 
sionally caused  by  direct  inoculaticm  of  theconjuiic- 
*  Furtliur  obsurviitioiis  aro  waiilud. 
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t.iva  ol'  l.lic  attendant  hy  diplitheritic  material  Troni 
the  patient's  throat;  or  in  the  patient  liimself  l)y 
extension  u])  the  nasal  (ln(!t  to  the  eonjunctiva.  But 
in  many  eases  of  "  (li])hiheritie  "  and  "  nnunhrnnons" 
ophtlialmia  the  disease  seems  to  be  h)cal,  tlic  in- 
fiammaiion  tal<int^  on  this  s])e<;ial  form  witli(tut  as- 
oertainaMc  relation  to  any  infeetious  disease.  No 
douht  there  is  often  something  pecvdiar  in  the 
patient's  health,  or  in  tbe  state  of  his  (jye-tissnes, 
which  oives  a  proclivity  to  this  hind  of  inflamma- 
tion. Tims,  di])lit]ieritic  ophthalmia  of  all  degrees 
is  more  common  in  young  children  than  in  adults; 
the  Avorst  ca.ses  generally  occur  after  measles,  or 
during  or  after  scarlet  fever,  bron(;ho-pncnnionia, 
or  severe  infantile  diarrhoea;  old  granular  disease 
of  the  conjunctiva  also  confers  a  liability  to  a  diph- 
theritic type  of  inllamraation,  and  the  same  tendency 
is  sometimes  seen  in  ophthalmia  neonatfnnim  and 
in  g()norrha3al  ophthalmia.  As  there  seems  Init 
seldom  any  reason  to  look  upon  diphtheritic  oph- 
thalmia as  the  local  manifestation  of  a  specific-  lilood 
diseases,  the  term  "  dij^htheria  of  the  conjunctiva" 
should,  I  think,  seldom  be  nsed. 

Measles  is  a  ])i-olific  sonrce  of  ophthalmia  iarsi  in 
all  its  forms,  and  of  corneal  nlcers,  ]:)a,rticula,rly  of 
the  jdilycteuular  forms.  It  also  gives  rise  to  a 
troublesome  muco-pnrulent  ophthalmia,  and  under 
bad  hygienic  conditions  this  may  be  aggravated, 
by  cultivation  and  transmission,  into  destructive 
disease  of  purulent,  membranous,  or  diplifheritic 
type.  Double  optic  neuritis  has  been  seen  in  several 
patients  after  measles. 

Mumps. — Dr  Swan  M.  Burnett*  has  lately  called 
attention  to  haze  of  disc  with  venous  engorgement 
of  retina  and  failure  of  sight  during  mum])s. 
(Edema  of  lids  and  conjunctiva,  and  in  one  case 
paresis  of  third  nerve,  point  to  effusion  into  the 
orbit.  The  symptoms  as  a  rule  quickly  subsided. 
*  Jiunictt,  '  Anior.  .lonni.  of  Mod.  Sci  ,'  1S8G,  p.  8G. 
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ChicJcen-pox  is  sometimes  followed  by  a  transient 
attack  of  mikl  conjuuctivitis. 

Whooijing-cotigh  oUen,  like  measles,  leaves  a  prone- 
ness  to  corneal  ulcers.  In  a  few  rare  cases  the  con- 
dition known  as  isrhvmia  retiniv  (sudden,  terajDorary, 
arterial  bloodlessness)  has  occurred. 

Malarial  fevers,  especially  the  severe  forms  met 
with  ill  hot  countries,  are  sometimes  the  cause  of 
retinal  and  other  intra- ocular  haemorrhages,  and 
even  of  considerable  neuro-retinitis  ;  when  there  is 
much  pigment  in  the  Idood  the  swollen  disc  may 
have  a  peculiar  grey  colour.  When  renal  albumin- 
uria is  caused  by  malarial  disease,  albuminiiric 
retinitis  may  occur.  Simple  optic  neuritis  with 
failure  of  sight,  followed  by  recovery,  seems  to  occur 
sometimes,  and  amblyopia  of  more  than  one  form  is 
said  to  be  produced  by  malarial  jwisoning  ;  some 
cases  have  recovered  under  C[uinine.  Loss  of  sight 
from  malarial  fever  must  not  be  confused  with  blind- 
ness due  to  the  cj^uinine  administered  for  its  cure 
(p.  407). 

Relapsing  fever  is  sometimes  followed,  during  con- 
valescence, by  inflammatory  symptoms  with  opacities 
in  the  vitreous  (cyclitis),  with  or  without  iritis;  re- 
covery takes  place.  These  cases  are  commoner  in 
some  epidemics  than  in  others.  In  a  large  outbreak 
Lubinski  saw  no  eve  cases  in  patients  under  twentv 
years  of  age,  and  none  in  females. 

Epidemic  cerebro-spitial  meningiiis  also,  in  a  few 
cases,  gives  rise  to  acute  choroiditis,  with  \iVb\\i, 
chemosis,  and  great  tendency  to  rapid  exudation  of 
lymph  into  the  vitreous  and  nnterior  chambers,  and 
often  leading  to  disorganisation  of  the  eye  and 
blindness.*  It  is  believed  that  the  inflammation 
may  extend  to  the  eye  along  the  o]>tic  nerve,  or 

*  Possibly  11        of  the  cases  in  wliicli  similar  uyo  conditioiis 
are  seen  without  a,])parent  eausc  may  be  tlu;  aceompaiiimoiits 
of  .sli<^ht  and  unrecognised  meiiini^itis.    [See  Pseudo-i'-lioma 
p.  2S1.) 
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may  occur  independently  in  the  brain  and  the  eye. 
Deafness  from  disease  of  the  internal  ear  is  even 
commoner  than  the  eye  disease. 

Purpura  has  been  observed  in  a  few  cases  to  be 
accompanied  by  retinal  or  subretinal  haemorrhages ; 
tbey  are  sometimes  ])erivascu]ar  and  linear,  and  in 
other  cases  form  lar<;e  blotcljcs.  Tbey  have  also, 
but  rarely,  been  found  in  Scurvy.  Ecchymosis  may 
also  be  seen  in  and  around  the  eyelids  in  scurvy. 
In  that  form  of  scurvy  which  occurs  in  infants  (es- 
pecially rickety  infants)  extravasation  may  also 
occur,  as  Dr  Harlow  has  shown,*  into  the  orbit,  and 
probiibly  between  the  roof  of  the  orbit  and  its 
very  loosely  attached  jx'riosteuni,  thus  causing  jn'op- 
tosis  and  swelling  of  the  lids,  as  well  as  discolora- 
tion. 

In  PijH'riiia  one  oi-  both  eyes  may  be  lost  by  septic 
emboli  lodging  in  the  vessels  of  the  choroid  or  retina, 
and  setting  up  sup)purative  panophthalmitis.  The 
symptoms  arc,  .swelling  of  the  lids,  loss  of  sight,  con- 
gestion, especially  of  the  perforating  ciliary  vessels 
(Fig.  27),  cheniosis,  discoloration,  and  dulness  of 
aqueous  and  iris.  There  may  or  may  not  be  some 
protrusion  and  loss  of  mobility,  and  conjunctival 
discharge.  Pain,  sometimes  very  severe,  may  be 
almost  altsent ;  probably  its  presence  indicates  rise 
of  tension.  A  yellow  reflex  is  often  seen  from  the 
vitreous.  The  eyeball  generally  suppurates  if  the 
patient  live  long  enough.  Sometimes  both  eyes  are 
affected,  together  or  with  an  interval.- — In  cases  of 
Septicfemia  abundant  retinal  haemorrhages  of  large 
size  may  occur  in  both  eyes;  they  come  on  a  few 
days  before  death,  and  are  thus  of  grave  significance. 
As  they  are  not  present  in  typhoid  and  other  fevers 
of  corresponding  severity,  their  presence  is  some- 
times an  aid  in  diff'ei'ential  diagnosis. f 

*  '  Med.-Cliir.  Truns.,'  vol.  Ixvi,  antt  Kcatiiifr's  '  Eiicyclo- 
piU'ili.'v  of  l)i.s.  of  CliildiTii,'  article  "  St'uvvy." 

f  Ciowei-.s,  'Medical  0]>htlialnio.soopy,'  2iul  edit.,  p.  255. 
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Lend  poisoning  is  au  occasional  cause  of  optic 
neuro-retinitis  leading-  to  atropliy,  of  atrophy  ensu- 
ing upon  chronic  amblyopia,  and  of  rapid,  usually 
transient,  amblyopia.  The  two  former  are  the  most 
common  ;  the  atrophy,  whether  primary  or  consecu- 
tive to  papillitis,  is  generally  accompanied  by  very 
marked  shrinking  of  retinal  arteries,  and  great 
defect  of  sight  or  complete  blindness  ;  it  is  generally 
symmetrical,  but  one  eye  may  precede  the  other. 
Other  symptoms  of  lead  poisoning,  usually  chronic, 
but  occasionally  acute,  are  nearly  always  present. 
Care  must  be  taken  not  to  confuse  albuminuric 
retinitis  from  kidney  disease  induced  by  lead  with 
the  changes  here  alluded  to,  which  are  due  in 
some  more  direct  manner  to  the  influence  of  the 
metal. 

The  deposition  of  lead  upon  corneal  ulcers  has 
been  referred  to  at  p.  124. 

Alcohol. —  Some  observers  still  hold  that  alcohol, 
especially  in  the  form  of  distilled  sjjirits,  may  cause 
a  particular  form  of  symmetrical  amblyopia  (the  so- 
called  amhlijopia  potatomm) .  Optic  neuritis  and 
paralyses  of  various  single  oculo-motor  nerves  are 
described  by  Thomson  as  occurring  in  cases  of  alco- 
holic paralysis.  The  difficulty  of  arriving  at  the 
truth  depends  chiefly  upon  the  fact  that  most 
drinkers  are  also  smokers,  and  that  tol)acco,  whether 
smoked  or  chewed,  is  allowed  by  all  authorities  to  be 
one  of  the  causes  (or,  as  most  now  hold,  the  sole 
cause)  of  a  similar  disease.  The  c[uestiou  whether 
alcohol  directly  causes  disease  of  the  0[)tic  nerves 
will  not  be  settled  until  observers  are  much  more 
careful  than  they  have  hitherto  been  to  record  as 
typical  cases  of  alcoholic  amblyopia  only  those  in 
which  the  patient  does  not  use  even  the  smallest 
quantity  of  tobacco  in  any  shape. 

Tobacco. — Whatever  may  be  the  truth  (and  it  is 
confessedly  difficult  to  arrive  at)  as  to  the  direct  in- 
fluence of  alcohol,  and  of  the  various  substances 
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often  combined  with  it,  there  is  no  doubt  whatever 
that  tobacco,  whether  smoked  or  chewed,  does  act 
directly  on  the  optic  nerves,  and  in  such  a  manner  as 
to  give  rise  to  definite,  and  usually  very  chai-acteristic, 
symptoms.  The  amblyopia  seldom  comes  on  until 
tobacco  has  been  used  for  many  years.  The  quantity 
needed  to  cavise  symptoms  is,  ctsteris  paribus,  a  matter 
of  idiosynci'asy,  and  very  small  doses  may  produce 
the  disease  in  men  who,  in  other  respects  also,  are 
unable  to  tolerate  large  quantities  of  the  drug.  Pre- 
disposing causes  exert  a  very  important  influence : 
amongst  these  are  to  be  specially  noted  increasing 
age  ;  nervous  exhaustion  from  overwork,  anxiety,  or 
loss  of  sleep  ;  chronic  dyspepsia,  whether  from  drink- 
ing or  other  causes  ;  and  probably  sexual  excesses 
and  exposure  to  tropical  beat  (or  light).  A  large 
proportion  of  the  patients  drink  to  excess,  and  thus 
make  themselves  moi'e  suscejDtible  to  tobacco,  both 
by  injuring  the  nervous  system  and  the  stomach. 
But  some  remarkable  cases  are  seen  in  men  who 
have  for  long  been  total  abstainers,  in  others  who 
have  lately  become  abstainers  without  lessening  their 
tobacco,  and  in  yet  others  who  are  strictly  moderate 
iu  alcohol  are  in  robust  health,  and  in  whom  increas- 
ing age  is  the  only  recognisable  predisposing  cause. 
The  strong  tobaccos  j^roduce  the  disease  far  more 
readily  than  the  weaker  sorts,  and  chewing  is  more 
dangerous  than  smoking.  Probably  alcohol  iu  very 
moderate  doses  counteracts,  rather  than  increases,  the 
injurious  effect  of  tobacco  upon  the  nervous  system 
and  optic  nerves  (Hutchinson). 

The  vapour  of  Bisulphide  of  Carbon,  if  inhaled  in 
a  concentrated  form  and  for  long  periods,  produces 
at  first  excitement,  then  general  and  severe  loss  of 
nerve  power,  with  extreme  mental  and  muscular 
debility  and  impotence.  In  some  of  the  cases  the 
sight  fails  chiefly  in  the  centre  of  the  field  (centi-al 
scotoma),  with  haze  and  pallor  of  the  discs  (chronic 
neuritis).    The  cases  are  met  with  either  in  india- 
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rubber  works  or  oil-mills,  iu  both  of  which  the 
bisulphide  is  largely  used.* 

Quinine,  taken  in  very  large  doses,  at  short  inter- 
vals, has  in  a  few  cases  caused,  serious  visiial  sym- 
jitoms.  Sight  in  both  eyes  may  be  totally  lost  for 
a  time,  but  recovery,  more  or  less  perfect,  takes 
place  eventually,  sometimes  iu  a  few  days,  some- 
times uot  for  months.  There  is  a  great  contractioa 
of  the  visual  field  even  after  perfect  recovery  of  cen- 
tral vision  ;  the  discs  are  pale  and  the  retinal  arteries 
extremely  diminished.  The  symptoms  ai'e  therefore 
those  of  almost  arrested  supply  of  arterial  blood  to 
the  retina. 

Kidney  disease. — The  common  and  well-known 
retino-neuritis,  associated  with  renal  albuminuria, 
and  of  which  several  clinical  types  are  found,  has 
been  already  described.  It  need  only  be  noted  that 
the  disease  is  commonest  with  chronic  granular 
kidneys  and  in  the  kidney  disease  of  pregnancy,  but 
that  it  is  also  seen  in  the  chronic  forms  following 
acute  nej^hritis  and  in  lardaceous  disease,  and  that 
children  suffering  from  chronic  renal  disease  seem  as 
liable  to  it  as  adults.  Retinitis  with  renal  albumi- 
nuria is  usually  a  sign  that  the  kidney  disease  is  far 
advanced,  and  the  prospect  of  life  very  bad.  Accord- 
ing to  Miley,  hospital  patients  seldom  live  more  than 
six  months  after  the  onset  of  the  retinitis  ('  Ophth. 
Soc.  Trans.,'  viii,  132).  C.  S.  Bull  finds  that  the 
average  duration  of  life  is  somewhat  longer,  according 
to  returns  from  patients  of  all  classes.  There  is  no 
doubt  that  the  prospect  of  life  for  patients  who  are 
able  to  live  carefully  is  considerably  better  than  for 
others.  It  seems  likely  that  there  is  also  a  group  of 
cases  in  which  the  retinal  change  precedes  the  signs 
of  kidney  disease,  these  signs  appearing  later. 
Detachment  of  the  retina  is  an  occasional  result  iu 

*  For  full  7)articulars,  see  'Trans.  Oplitli.  Soc.,'  vol.  v, 
11]).  14!)— 175  (1885).  Anothor  caso  is  reported  by  Guun,  ibid., 
vi,  372  (188(J). 
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oxtroine  (;a.ses.  Tlio  prot^nosis  as  regards  vision  is 
best  in  the  cases  clepeiidiug  on  allniniiiiuria  of  preg- 
nanev.  The  retinal  aulenia  and  exudation  are  pro- 
l)al)ly  eanstid  ])y  tlie  ])]ood-state  ;  but  llie  disease  of 
the  small  l)lood-vcssels,  and  the  cardiac  hj])ertrophy, 
no  donbt  a.dd  to  and  coinidicatc  the  changes.  Indeed 
tlie  different  tvpes  of  i-etinal  disease  which  are  met 
probably  depend  in  great  measure  on  the  varving 
])arts  ])];i,yed  by  the  three  factors  alluded  to.  The 
faibire  of  sight  cansed  by  albuminuric  retinitis  has 
often  led  to  the  correct  diagnosis  of  cases  which 
had  been  treated  for  dyspepsia,  headache,  or  "  bili- 
ousness." 

Diahelcs  somelimes  causes  cataract.  In  young  or 
middle-aged  ])atients  the  cataract  usually  forms 
quickly,  a,nd  is  of  course  soft.  As  it  is  always  sym- 
metrical, the  rapid  formation  of  double,  complete 
cataract,  at  a  comjiaratively  early  age,  should  always 
lead  to  the  sus])icion  of  diabetes.  In  old  persons  tlie 
progress  of  diabetic  cataract  is  much  slower,  and 
often  shows  no  peculiarities.  The  relation  of  the 
lenticular  opacity  to  the  diabetes  has  not  been  satis- 
factorily exjdained  :  the  presence  of  sugar  in  the 
lens,  the  action  of  sugar  or  its  derivatives  dissolved 
in  the  aqueous  and  vitreous,  the  abstraction  of  Avater 
from  the  lens  owing  to  the  increased  density  of  the 
blood,  and,  lastly,  degeneration  of  the  lens  from  the 
general  cachexia  attending  the  disease,  have  all  been 
offered  in  explanation. — It  is  important  to  know 
that  diabetic  cataract  sometimes  disappears  entirely 
if  the  health  improves,  the  lens  completely  clearing 
u]).*  In  a  few  cases  retinitis  occurs  ;  sometimes  with 
great  cedema  and  copious  (probably  capillary)  lisemor- 
rhages  into  the  retina  and  vitreous,  in  other  cases  wit  h 
numerous  white  patches,  but  no  a3dema.  Plastic  iritis 
sometimes  occurs  in  diabetes  both  with  and  without 
jirevious  ojieration  ;    Schinner  draws  attention  to 

*  See  casos  recorded  in  tlic  '  Trans,  of  0])litlialmo]o.a:ical 
Soc.,'  vol.  V,  1).  107  (1885). 


XXIII. 


ETIOLOGY 


409 


the  importance  of  examiuiuf^  the  urine  for  sugar  in 
oases  of  inti'actable  iritis.  Central  amblyopia  from 
disease  of  the  optic  nerves  has  also  been  observed, 
even  it  is  said  in  patients  who  were  uot  smokers.* 

Leticocythcemia  is  often  accompanied  by  retinal 
hfBmorrhages,  less  commonly  by  whitish  spots  bor- 
dered by  blood,  and  consisting  of  white  corpuscles  ; 
these  spots  may  be  thick  enough  to  project  forwards. 
Occasionally  there  is  general  Laziness  of  the  retina. 
In  severe  cases  the  wiiole  fundus  is  remarkably  pale, 
whether  there  be  other  changes  or  not.f  The  changes 
are  usually  symmetrical. 

Progressive  pernicious  ancemia  is  marked  by  a 
strong  tendency  to  retinal  haemorrhages ;  these  are 
usually  grouped  chiefly  near  the  disc,  and  are 
striated  (Gowers).  White  patches  are  also  common, 
and  occasionally  well-marked  neuritis  occurs.  I  have 
seen  hsemorrbages  of  different  dates,  and  in  one  case, 
shown  to  me  by  Dr  Sharkey,  thei-e  had  evidently 
been  a  large  extravasation  from  the  choroid  at  an 
earlier  period.  The  disc  and  fundus  participate  in 
the  general  pallor. 

Heart  disease  is  variously  related  to  changes  in  the 
eyes  and  alterations  of  sight.  Aortic  incompetence 
often  produces  visible  pulsation  of  the  retinal 
arteries.  This  pulsation  often  differs  from  that 
.seen  in  glaucoma  in  extending  far  beyond  the  disc, 
and  in  not  being  so  marked  as  to  cause  complete 
emptying  of  the  larger  vessels  during  the  diastole. 
In  glaucoma  the  j)ulsation  is  confined  to  the  disc. 

*  See  ii  pa])or  by  Dr  Ecliiinnds  and  tlie  author, '  Trans.  Ophtli. 
Soc.,'  vol.  iii,  1883.  A  (loiil)tful  case  in  a  woman  is  recorded  in 
tlie  same  paper;  and  another,  also  not  completely  satisfactory, 
hy  Sauniel.  in  '  IIirsclihcru;'s  Centralblatt,'  1882,  p.  202.  Paper 
by  Moore,  '  New  York  Med.  Journ.,'  1888. 

t  For  a  full  account  of  the  changes  see  Gowers'  'Medical 
Ophthalmoscopy.'  Dr  Sharkey  has  shown  me  a  case  with 
<liffns(;  retinitis,  very  numerous  punctiform  haemorrhages, 
chiefly  peripheral,  and  dilatation  with  extreme  tortuosity  of  the 
veins. 
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The  difference  is  explained  by  the  different  mode  of 
production  in  the  two  cases  :  in  the  one  incompk^te 
ch)sure  of  tlie  aortic  orifice  lowers  the  pressure  in 
the  whole  blood-column  durin<^  the  diastole,  and 
all  ows  a  reflux  of  blood  from  the  eye  ;  in  the  other 
heit^htened  intraocular  tension,  tellinp;  chiefly  on  the 
comjxiratively  yielding  tissues  of  the  oj)tic  disc, 
incr(;ases  the  resistance  to  the  enti-ance  of  arterial 
blood.  Valvular  disease  of  the  heart  is  generally 
j^resent  in  the  cases  of  sudden  lasting  blindness  of 
one  eye,  clinically  diagnosed  as  eml^olisni  of  tbe 
arteria  centralis  retina? ;  but  in  some  of  these  throm- 
bosis of  the  artery  or  of  its  comj)anion  vein,  or 
blocking  of  the  internal  carotid*  and  o[ihthalmic 
arteries,  has  been  found  post  mortem.  Brief  teui- 
])()rary  failure,  or  even  loss,  of  sight  may  occur  in 
the  subjects  of  valvular  heart  disease,  and  in  some 
persons  who  are  liable  to  recurring  headache  (see 
Megrim).  Repeated  attacks  of  this  kind  sometimes 
lead  to  jx'rmanent  blindness  of  one  eye,  and  atrophy 
of  the  disc  comes  on  ;  j^ossibly  repeated  temporary 
failures  of  retinal  circulation  at  length  give  rise  to 
thrombosis.  In  another  group  of  cases  which  needs 
investigation,  sight  fails  during  successive  ]>reg- 
uancies  or  lactations,  recovering  between  times ; 
some  of  these  may  be  cases  of  renal  retinitis  ;  others 
may  be  mere  accommodative  asthenopia  (p.  313).  It 
is  probable  that  high  arterial  tension  predisposes  to 
intraocular  haemorrhage  in  cases  where  the  small 
vessels  are  unsound,  and  that  the  frequent  association 
of  retinal  haemorrhage  with  cardiac  disease  is  thus 
explained. 

Tuberculosis  is  sometimes  accompanied  by  the 
formation  of  tubercles  in  the  choroid.  These  may 
occur  in  acute  miliary  tuberculosis,  wliether  the 
meninges  be  involved  or  not,  but  OAving  to  the  diffi- 
culty of  thorough  ophthalmoscopic  examination  in 
such  i>atients,  and  the  frequently  very  small  size  of 
*  Gowcrs,  '  Medical  Ophlhaluioscopy,'  p.  29. 
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the  choroidal  growths,  they  are  much  more  often 
seen  after,  than  before,  death.  Chronic  tubercular 
tumours  of  the  brain  may  be  accompanied  by 
tubercles  of  slow  growth  and  larger  size  in  the 
choroid,  and  occasionally  these  attain  such  dimen- 
sions, and  cause  such  active  symptoms,  as  to  simulate 
malignant  tumours*  (]).  284).  It  is  also  ju-obable 
that  certain  cases  of  localised  choroidal  exudation,  not 
accomjianied  by  serious  general  symptoms  or  by 
inflammatory  symptoms  in  the  eye,  may  be  of  tuber- 
cular nature  (p.  195,4). 

Barlow  t  has  seen  tubercles  in  the  choroid  2^ost 
mortem,  in  16  cases  ;  in  13  with,  3  without,  tubei'- 
cular  meningitis.  Sometimes  they  took  the  form  of 
extremely  miniite  dots,  "  tubercular  dust."  lu  44 
children  who  died  of  tubercular  disease  (42  showing- 
miliary  tubercles  in  the  meninges)  Dr  Money;];  found 
tubercles  in  the  choroid  of  one  or  both  eyes  in  14. 

Rheumatism. — In  acute  rheumatism  Dr  Barlow 
informs  me  that  he  has  more  than  once  seen 
well-marlied  congestion  of  the  eyes  and  jjhoto- 
phobia  ;  but  neither  iritis  nor  other  inflammatory 
changes  occur.  The  subjects  of  chronic  rheuma- 
tism are,  however,  subject  to  relapsing  inflamma- 
tion of  the  eye,  usually  taking  the  form  of  iritis, 
but  sometimes  falling  entirely  on  the  scleral  or 
episcleral  tissues,  whilst  in  others,  less  common, 
the  changes  are  apparently  confined  to  the  con- 
junctiva— rheumatic  conjunctivitis.  But,  however 
superficial  the  inflammation  (or  congestion)  may 
be  there  is  no  muco-purulent  discharge.  Some  of 
these  patients  give  a  history  of  acute  articular 
rheumatism  as  the  starting-point  of  their  chronic 

*  For  interc'stingr  cases  of  and  roniavks  on  clioroidal  tubercu- 
losis in  its  various  forms  and  relations,  see  communications  hy 
Mackenzie,  liarlow,  Coupland,  and  otliers  in  '  Trans.  Oi)litli. 
Soc.,'  vol.  iii,  p.  119  et  seq.  (Oct.,  1882). 

f  IJarlow,  Ibid.,  p.  132. 

+  Money,  '  Lancet,'  1883,  ii,  813. 
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troubles,  others  of  a  prolonged  subacute  attack, 
lasting  for  many  mouths,  whilst  in  others,  again, 
the  articular  symptoms  have  never  been  severe.  In 
yet  another  series  a  liability  to  fascial  or  muscular 
rheumatism,  or  to  recurrent  neuralgia  from  ex- 
posure to  cold  or  damp  are  the  only  "rheumatic" 
symptoms  of  which  a  history  is  given ;  in  some  of 
these  the  neuralgia  is  probably  gouty.  It  is  to  be 
remembered  that  the  eye  is  now  and  then  the  first 
part  to  be  attacked  by  an  inflamiuation,  which  later 
events  show  to  be  clearly  related  to  rheumatism  or 
to  gout. 

Gonorrhoeal  rheumatism  is  not  unfrequentiy  the 
starting-point  of  relapsing  iritis  and  the  other  con- 
ditions named  above,  as  well  as  of  chronic  relapsing 
i-heumatism.  Rheumatic  iritis  occurring  for  the  first 
time  with  gonorrhoeal  rheumatism  is,  in  my  experience, 
more  often  symmetrical  than  other  forms  of  arthritic 
iritis,  or  than  the  later  attacks  of  iritis  in  the  same 
patient ;  a  fact  which  sometimes  makes  the  distinc- 
tion between  rheumatic  and  syphilitic  iritis  difficult. 

This  statement  is  based  on  records  of  104  cases  of  iritis  with 
well-marked  rlienmatic  symptoms,  and  6  with  fronorrhoea  but 
no  rheumatism,  in  all  of  which  syphilis  was,  so  far  as  possible, 
excluded,  (a)  In  34  of  this  series  the  first  attack  of  iritis 
came  on  during,  or  very  soon  after,  gonorrhoeal  rlieumatism  ; 
and  in  exactly  one  half  of  these  the  iritis  was  double.  In 
6  others  (making  40  in  all)  there  were  iritis  and  gonorrhoea, 
but  no  rheumatism  ("  gonorrhosal  iritis"),  and  here  tlie  pro- 
portions were  the  same,  (b)  In  the  remaining  70  oases  the 
first  iritis  had  no  relation  to  gonorrhoea ;  and  in  the  snbseries 
the  attack  was  single  in  56  and  double  in,  at  the  most,  13  (two 
or  three  being  doubtful),  or  about  one  fifth.  No  corresponding 
difference  obtained  in  regard  to  relapses,  the  vast  majority  of 
the  recurrent  attacks  in  both  subgroups  (a  and  i),  affecting 
only  one  eye  at  a  time. 

Oonurrhoeal  iritis. — Some  cases  of  gonorrhoeal 
iritis  have  been  described,  in  which  there  is  iritis 
due  to  gonorrhcBa  without  arthritis  being  actually 
present.    Probably  in  these  cases  the  iritis  is  the  first 
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indication  of  gonorrliceal  rheumatism.  A  variety  of 
quiet  conjunctivitis,  not  due  to  infection,  lias  also 
been  described  without  pain,  and  hardly  anv  discharge 
(Despagnet  and  others). 

Rheumatic  inflammation  of  the  conjunctival  or 
scleral  type  occurring  in  gonorrhoea  must  be  care- 
fully distinguished  from  purulent  ophthalmia  due 
to  infection  witli  gonorrliceal  pus. 

In  some  cases  of  articular  rheumatism  in  infants 
suffering  from  i^urulent  ophthalmia  the  arthritis  is 
believed  to  be  gonorrliceal,  but  deiived  from  the  con- 
junctiva instead  of  the  urethra.* 

It  is  believed  that  rheumatism  is  the  cause  of  some 
cases  of  nou-suppuratiug  orbital  cellulitis,  and  of 
relapsing  episcleritis.  Rheumatism  is  also  believed 
to  cause  some  other  of  the  ocular  jiaralyses. 

Gout. — Gouty  23ersons  are  not  very  infrequently  the 
subjects  of  recurrent  iritis  indistinguishable  from 
that  which  occurs  in  rheumatism.  Rheumatism 
and  gout  seem  sometimes  so  mixed  that  it  is  not 
always  possible  to  assign  to  each  its  right  share  in 
the  causation  of  iritis  ;  but  that  the  subjects  of 
true  "  chalk  gout"  ai'e  liable  to  relapsing  iritis  is 
undoubted.  There  is,  on  the  whole,  more  tendency 
to  insidious  forms  of  iritis  in  gout  than  in  rheuma- 
tism. It  is  also  generally  believed  that  the  subjects 
of  gout,  or  persons  whose  near  relatives  suffer  from 
it,  are  particularly  subject  to  glaucoma ;  acute 
glaucoma  was,  indeed,  the  "  arthi-i tic  ophthalmia"  of 
earlier  authors.  Hemorrhagic  retinitis  is  also 
commoner  in  gouty  persons  than  in  others  ;  it  may 
be  single  or  double,  and  is  to  be  distinguished  from 
albuminuric  retinitis. — It  has  also  been  observed 
that  the  children  or  descendants  of  gouty  persons, 

*  Clement  Litciis,  '  Brit.  Med.  .Tour.,'  1885,  ii,  pp.  57  iiiid 
6!I9;  Feiidiek,  ibid.,  p.  830;  Saswornitzky,  al)str!icled  in 
'  Kniipp's  Archives,'  xv,  232  (1886).  In  a  note  witli  wliicli  Mr 
Lufiis  lias  favoured  iiie  be  suggests  tbe  term  "  Oplitlialniic 
Rbeumatism  "  for  these  cases. 
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without  beinpf  themselves  sul>ject  to  gout,  are  liahle, 
iu  early  adult  life,  to  an  insidious  form  of  irido- 
cyclitis (p.  141),  which  sometimes  leads  to  sei'ious 
consequences ;  *  both  eyes  are  likely  to  be  attacked 
sooner  or  later.  The  cases  in  this  group  probably 
seem  rarer  than  they  are,  from  the  impossibility  in 
many  instances  of  getting  a  full  family  history. 

Several  different  clinical  ty])es  may  be  recognised 
in  the  large  group  of  maladies  refen-ed  to  in  this 
section  under  the  name  of  "  iritis."  Besides  cases 
of  jiure  iritis,  we  meet  with  examples  of  eyclitis,  in 
some  cases  with  increase,  in  others  with  decrease,  of 
tension  ;  in  other  groups  either  the  sclerotic  or 
conjunctiva  are  chiefly  affected  (true  "  rheumatic 
ophthalmia"  Avithout  iritis);  a  fourth  group,  in 
which  the  pain  is  disproportionately  severe,  may  be 
s])oken  of  as  neuralgic,  and  these  neuralgic  cases 
are  marked  by  sudden  onset,  short  duration,  and 
great  frequency.  In  a  large  majority,  however,  the 
iris  is  the  headquarters  of  the  morbid  action.  All 
arthritic  eye  diseases  tend  strongly  to  relapse  ;  they 
usually  attack  only  one  eye  at  a  time,  though  both 
suffer  sooner  or  later  ;  and  they  are  all  much  influ- 
enced by  conditions  of  weather,  being  commonest  in 
spring  and  autumn. 

The  strumous  condition  is  a  fruitful  source  of  super- 
ficial eye  diseases,  which  are  for  the  most  part  tedious 
and  relapsing,  are  often  accompanied  by  severe  irrita- 
tive symptoms,  but,  as  a  rule,  do  not  lead  to  serious 
damage.  The  best  types  are — (1)  the  different  varie- 
ties oi'  ophthalmia  tarsi ;  (2)  all  forms  of  phlyctenu- 
lar ophthalmia  ("pustular"  or  "herpetic"  diseases 
of  the  cornea  and  conjunctiva)  ;  (3)  many  superficial 
relapsing  ulcers  of  cornea  in  children  and  adolescents, 
though  not  distinctly  phlyctenular  in  origin,  are  cer- 
tainly strumous ;  (4)  many  of  the  less  common,  but 
very  serious,  varieties  of  cyclo-keratitis  in  adults 
occur  in  connection  with  lowered  health,  sus- 
*  Hutcliiiison,  'Lancet,'  Jan.,  1873. 
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ceptibility  to  cold,  and  sluggish  but  irritable  cir- 
culatiou,  if  not  with,  decidedly  scrofuloiis  mani- 
festations. 

Leprosy  may  have  its  seat  in  almost  any  part  of 
the  eye,  but  it  usually  occui's  first  in  the  superficial 
parts,  and  leads  to  ectropion,  with  exposure  of  the 
cornea,  and  xerosis  of  the  conjunctiva  ;  or  there  may 
be  a  deposit  of  lepromata  in  the  cornea  leading  to 
its  pei'foration,  and  to  panophthalmitis ;  iritis  and 
cyclitis  may  also  occur,  and  leprous  invasion  of  the 
retina  has  also  been  seen. 

Entozoa  sometimes  come  to  rest  and  develop  in  the 
eye  or  orbit.  The  commonest  intraociilar  parasite 
is  the  cysticercus  celluloses ;  it  is  excessively  I'are  in 
this  country,  but  commoner  on  the  Continent.  The 
cysticercus  may  be  found  either  beneath  the  retina, 
in  the  vitreous,  or  u()on  the  iris,  and  may  sometimes 
be  recognised  in  each  of  these  positions  by  its  move- 
ments. The  parasite  has  been  sviccessfiilly  extracted 
from  the  vitreous  ;  when  situated  on  the  iris  its 
removal  involves  an  iridectomy.  Sometimes  it  deve- 
lops under  the  conjunctiva,  where  I  have  seen  it 
set  up  suppurative  inflammation.  The  echinococcus 
hydatid  with  multiple  cysts  may  develop  1o  a  large 
size  in  the  orbit  and  cause  much  displacement  of  the 
eyeball. 

B.  Eye  disease,  or  eye  symptoms,  indicative  of 
local  disease  at  a  distance. 

Megrim  is  well  known  to  be  sometimes  accom- 
panied, or  even  solely  manifested,  by  temporary- 
disorder  of  sight.  This  generally  takes  the  form  of 
a  flickering  cloud  ("flittering  scotoma"  of  Clerman 
autliors)  witli  serrated  borders,  which,  beginning  near 
the  centre  of  the  field,  spreads  eccentrically,  so  as 
to  pi'oduce  a  large  defect  in  the  field,  a  sort  of 
hemianopsia;  the  borders  of  the  cloud  may  be  bril- 
liantly coloured.  It  is  referred  to  both  eyes,  and  is 
visible  when  the  lids  are  closed.  The  attack  lasts 
only  a  short  time,  and  perfect  sight  returns.  In 
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many  patients  this  amblyopia  is  the  precursor  of  a 
severe  sick  headache,  but  in  others  it  constitutes  the 
whole  attack  ;  it  scarcely  ever  follows  the  headache. 
Less  definite  and  characteristic  symptoms  (dimness, 
cloudiness,  or  uiuscjb)  are  comi)hiined  of  by  some 
]>atients  {compare  p.  410).  Eecurrent  jjaralysis  of 
the  third  nerve  has  several  times  been  ascribed  to 
megrim. 

Neurahjia  of  the  fifth  nerve,  especially  of  its  first 
division,  in  a  few  cases  precedes  or  accompanies 
failure  of  sight  in  the  corresi)onding  eye,  with  neu- 
ritis or  atrophy  of  the  disc  (p.  238,  3).  A  liability 
to  neuralgia  of  the  face  and  head  is  not  uufrequently 
observed  in  persons  who  subsequently  suffer  from 
glaucoma. — Intense  neuralgic  pain  in  the  face  or 
head  sometimes  causes  dimness  of  sight  of  the  same 
eye  whilst  the  pain  lasts. — The  old  belief  that  injury 
to  branches  of  the  fifth  nerve  can  cause  amaurosis  is 
not  borne  out  by  modern  experience,*  injury  to  the 
optic  nerve  by  fracture  of  the  skull  furnishing  the 
true  explanation  of  such  cases  (p.  234). 

Sympathetic  ophthalmitis  is  the  only  known  in- 
stance in  which  inflammation  of  the  eyeball  is  caiised 
by  local  disease  of  an  independent  part. 

Diseases  of  the  central  nervous  system  may  be 
shown  in  the  eye  either  at  the  oi)tic  disc  (papillitis 
and  atrophy),  or  in  the  muscles  (strabismus  and 
diplopia). 

The  diseases  which  most  often  cause  painllitis  are 
intracranial  tumours,  syphilitic  growths,  and  menin- 
gitis. Abscess  of  the  brain  and  softening  from 
embolism  and  thrombosis  less  commonly  cause  it, 
and  cerebral  haemorrhage  scarcely  ever.f  Papillitis 

*  References  to  many  of  tlie  earlier  cases  supposed  to  prove 
this  relation  between  the  fifth  and  optic  nerves  arc  given  hy 
Brown-Secpiard  in  Holmes's  '  SyHteni  of  .Surgery,'  3rd  ed., 
vol.  ii,  p.  200. 

f  A  case  by  Dr  IJristowc  in  '  Trans.  Ophtli.  Soc.,'  vol.  vi, 
p.  363  (188G). 
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bas  been  found  in  a  few  cases  of  acute  and  subacute 
myelitis  :*  it  does  not  occur  in  spinal  meningitis. 

In  a  very  large  proportion  (Dr  Gowers  thinks  at 
least  four-fifths)  of  all  the  cases  of  cerebral  tumour 
(including  syphilitic  growths)  optic  neuritis  occurs 
at  some  jseriod.  The  severity  and  duration  of  the 
neuritis  vary  much,  and  probably  depend  in  many 
cases  on  the  rate  of  progress,  as  well  as  on  the  cha- 
racter of  the  morbid  growth.  It  not  uncommonly 
sets  in  at  no  long  interval  before  death,  whilst  in. 
other  cases  it  is  very  chronic.  There  is  not  much  in 
the  characters  or  course  of  the  papillitis  to  helj)  us 
in  the  localisation  of  intracranial  tumour ;  and  al- 
though a  very  high  degree  of  papillitis,  with  signs 
of  great  obstruction  to  the  retinal  circulation,  gene- 
rally indicates  cerebral  tunioiir,  there  are  many  cases 
in  which  the  presence  of  papillitis  does  not  help  us 
to  decide  the  nature  of  the  intracranial  disease, 
whether  tumour,  meningitis,  or  syphilitic  disease. 

Analysing  96  cases  of  fatal  cerebral  tumour,  Edmunds  and! 
Lawford  found  that  optic  neuritis  was  observed  in  19  of  41 
cases  where  the  disease  was  at  or  towards  the  convexity  (or  4& 
per  cent.) ;  whilst  it  was  seen  in  41  of  55  cases  where  the 
disease  was  chiefly  at  the  base  (or  75  per  cent.).  In  43  cases 
the  tumour  was  either  in  the  basiil  ganglia  or  the  cerebellum, 
and  in  37  of  these  (=86  per  cent.)  optic  neui-itis  occurred 
('  Trans,  of  Ophth.  Soc.,'  vol.  iv,  172,  1884). 

Tumours  also  sometimes  cause  simple  oj^tic 
atrophy  by  pressing  upon  or  invading  some  part  of 
the  optic  fibres. 

Intracranial  syphilitic  disease  is  a  common  cause 
of  papillitis,  the  disease  being  either  a  gummatous 
growth  in  tlie  brain,  or  a  growth  or  thickening  be- 
ginning in  the  dura  mater,  or  basilar  meningitis. 
The  prognosis  is  much  better  than  in  cerebral  tu- 
mours if  vigorous   treatment  be   adopted  early;. 

*  Gowers,  loc.  cit.,  p.  IGl  ;  Dresclifeld,  '  Lancet,' .Jan.  7Lh, 
1882  ;  and  Sharkey  and  Lawford,  'Trans.  Ophth.  Soc.,'  vol.  iv, 
p.  232. 
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indeed  in  all  oases  of  papillitis,  where  intraeranial 
disease  is  diagnosed  and  syphilis  even  remotely  pos- 
sible, niereury  and  iodide  of  potassium  should  lie 
i|)rom})tly  given. 

Menimjitis  often  causes  papillitis,  but  in  tliis  re- 
spect much  depends  on  its  ])ositiou  and  duration. 
Meningitis  liniitc'd  to  the  convexity,  whatever  its 
■cause,  is  seldom  accompanied  by  oplitha]mos(ropic 
■changes;  on  the  other  hand,  basic  meningitis  very 
often  caus(;s  neuritis. 

Aiiioiif^st  ]()  ciiscs  of  iiijui^y  to  tin!  liciid  ciuliii^'  in  dfiith 
3"]dmiiii(ls  and  Lawl'ord  never  found  o|)tic  neuritis  wit.liout  liasic 
inenin^,'-il,is  ;  whilst,  they  (bund  no  lUMiritis  when  the  dannige 
was  limited  to  the  convexity  (Oplith.  Soc,  Oct.,  l.SS(;). 

Th(!  ne\tritis  in  basic  meningitis  is  probably  })ro- 
portionate  to  the  duration  and  intensity  of  the 
intracranial  mischief,  being  comparatively  slight  in 
acute  and  ra])idly  fatal  cases,  whether  tubercular  or 
not.  In  tubercular  meningitis,  papillitis  is  very 
common,*  and  its  occurrence  seems  especially  related 
to  the  presence  of  inflammatory  changes  about  the 
•chiasma  (Gowers) ;  and  even  the  neuritis  occurring 
in  cases  of  cerebral  tumour  seems  often  to  be  caused 
by  secondary  meningitis  set  up  by  the  growth. f  In 
a  form  of  meningitis  in  young  children,  named  by 
Drs  Gee  and  Barlow  "  posterior  basic,"  optic  neu- 
ritis is  infrequent,  though  the  patients  often  live 
some  little  time. — When  patients  recover  from  me- 
ningitis, the  neuritis  may  pass  into  atrophy  and  cause 
amaurosis  ;  such  cases  are  well  known  to  ophthalmic 
surgeons ;  it  is  jH-obable  that  some  of  them  may  be 
instances  of  recovery  from  tubercular  meningitis. — 
In  rare  cases  paj^illitis  occurs  with  severe  head  sym- 

*  Garlick  found  it  in  23  of  2G  fatal  cases, '  Med.-Chir.  Trans.,' 
vol.  l.xii.  Money  (loc.  cit.)  discovered  it  in  only  IG  of  42  fatal 
ca.ses.  Slijfht  jiapillitis  is  very  easily  overlooked  in  delirious  or 
fretful  children. 

t  Edmunds  luid  Lawford,  '  Ti-iins.  of  Oplitli.  Soc.,'  iii,  1.38 
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ptoms,  ending  in  death,  but  without  macroscopic 
changes  in  the  brain  or  membranes.  Microscopical 
■changes  in  the  brain  substance,  justifying  the  term 
■cerebritis,  have  been  found  in  one  such  case  by  Dr 
Sutton,  and  in  another  by  Dr  Stephen  Mackenzie.* 
It  must  not  be  forgotten  that  optic  neuritis  may  be 
caused  by  various  altered  conditions  of  the  blood  ; 
and  that  it  is  occasionally  seen  without  any  evidence 
either  of  central  nervous  disease  or  of  blood 
changes. 

Hydrocephalus  rarely  causes  papillitis,  but  often  at 
a  late  stage  causes  atrophy  of  the  optic  nerves  from 
the  ijressure  of  the  distended  third  ventricle  on  the 
chiasma.  Dr  Barlow  informs  me  that  he  has  several 
times  seen  a  very  gross  form  of  choroiditis  ending  in 
immense  jjatches  of  atrophy  ;  I  have  recorded  one 
such  case  and  seen  others. 

The  diseases  most  commonly  causing  atrophj/  not 
preceded  by  papillitis  are  the  chronic  j)i'ogressive 
•diseases  of  the  spinal  cord,  especially  locomotor  ataxy. 
The  atrophy  in  these  cases  is  slowly  progressive, 
■double,  though  seldom  beginning  at  the  same  time 
in  both  eyes,  and  it  always  ends  in  blindness, 
although  sometimes  not  until  after  many  years. 
Similar  atrophy  sometimes  occurs  in  the  early  stages 
of  general  paralysis  of  the  insane,  but  chiefly  in 
cases  complicated  by  marked  ataxic  symptoms.  It 
is  also,  but  much  more  rarely,  seen  in  lateral  and  in 
insular  sclerosis.  In  the  latter,  amblyopia  with 
slight  neuritic  changes  is  occasionally  seen,  and  sight 
may  iuij^rove  or  almost  recover  after  having  been 
defective  for  some  time.  In  cases  of  homonymous 
lateral  hemianopia  we  find  that  sometimes  the  blind 
half  of  the  field  is  separated  from  the  seeing  half  by 
a  straight  line  which  passes  through  the  fixation 
point  (Fig.  93),  whilst  more  commonly  this  dividing 
line  deviates  towards  the  blind  half  in  the  central 

*  Also  a  case  by  Dr  Silk,  '  Brit.  Mud.  Jouni.,'  May  2(jtli. 
1883.  ' 
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part  of  the  field,  thus  leaving  a  small  central  area  of 
perfect  vision.  Ferrier  has  .suggested  that  in  the 
former  cases  the  lesion  is  prohably  situated  in  the 
tract,  and  that  in  the  latter  it  lies  in  some  part  of 
the  cortical  visual  centre. 

Motor  disorders  of  the  eyes. — Some  of  the  com- 
moner causes  of  ocular  palsy  have  been  already 
given.  It  may  be  mentioned  here  that  basic  menin- 
gitis often  causes  paralysis  of  one  or  more  of  the 
ocular  nerves,  with  squinting  (and  double  vision  if 
the  patient  be  conscions)  ;  and  further,  that  the  palsy 
in  such  cases  often  varies,  or  appears  to  vary,  from 
day  to  day. 

Locomotor  ataxy  and  general  paralysis  of  the 
insane  are  sometimes  preceded  by  paralysis  (usually, 
but  not  always,  temporary)  of  one  or  moi-e  of  the 
eye  muscles,  causing  diplojjia ;  and  there  may  for 
years  be  nothing  else  to  attract  attention.  The 
same  diseases  may  also  be  ushered  in  by  internal 
ocular  paralysis.  The  most  frequent  variety  is  loss 
of  the  reflex  action  of  the  pupils  to  sensory  stimula- 
tion of  the  skin  and  to  light,  whilst  their  associated 
action  remains,  "reflex  iridoplegia ;  "  when  shaded 
and  lighted  they  remain  absolutely  motionless,  but 
they  dilate  when  accommodation  is  relaxed  and  con- 
tract when  it  is  in  action  (p.  26)  ("  Argyll  Robert- 
sou  symptom  ").*  This  phenomenon  is  often,  though 
by  no  means  always,  associated  with  a  conti'acted  state 
of  the  pupils,  and  hence  the  term  "  spinal  miosis  "  is 
often,  but  incorrectly,  used.  This  reflex  paralysis  of 
the  iris  is  one  of  the  most  valuable  of  the  early  signs 
of  locomotor  ataxy.  We  do  not,  however,  yet  know 
how  often  it  may  occur  in  healthy  persons  or  without 
eventual  spinal  disease ;  it  certainly  has  compara- 
tively little  significance  in  old  persons.  Recent  ob- 
■.servations  show  that,  at  least  in  general  paralysis  of 
the  insane,  loss  of  reflex  dilatation  to  sensory  stimu- 
.latiou  of  the  skin  (p.  26)  is  probably  the  earliest 
*  Argyll  Robertson,  '  Edinburgh  Med.  Journ.,'  1869,  p.  703. 
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l^upillary  change.*  The  complementary  symptom, 
loss  of  associated,  with  retained  reflex,  action  of  the 
pupils,  has  not  been  fully  studied.  Any  of  the 
other  internal  pai'alyses  may  also  in  certain  cases 
occur  as  precursors  of  ataxy. — Paralysis  of  one  third 
nerve  coming  on  with  hemiplegia  of  the  opposite 
side  may,  but  does  not  necessarily,  indicate  disease 
of  the  crus  cerebri  on  the  side  of  the  palsied  third 
nerve.f — Ophthalmoplegia  externa  has  been  already 
mentioned ;  it  may  here  be  added  that  cases  occur  in 
which  this  condition  appears  to  be  "functional,"  in 
which,  at  any  rate,  the  symptoms  come  on  quicldy  and 
pass  olf  completely,  recurring  perha2)s  at  a  later 
period  ;  of  these  cases  I  have  seen  several  in  young 
adults. 

Double  ophthalmoplegia  externa  is  the  extreme 
type  of  a  large  and  important  class  of  ocular  palsies, 
to  which  much  attention  has  been  given  i-ecently, 
characterised  by  the  paralysis  of  cei'tain  movements 
(usually  associated  movements  of  the  two  eyes),  not 
of  the  muscles  supplied  by  a  certain  nerve.  There 
may  be,  e.  g.,  loss  of  power  of  both  eyes  to  look  up- 
wards (both  superior  recti),  or  loss  of  power  to  loot 
to  the  right  (R.  external  and  L.  internal  rectus)  ; 
and  yet  in  the  latter  case  the  L.  internal  rectus,  if 
differently  associated,  as  with  the  E>.  internal  during 
convergence,  may  act  perfectly  well.  Such  asso- 
ciated paralyses  are  explained  by  lesions  (usually 
sclerotic,  occasionally  tumour)  affecting  the  centimes 
for  certain  combined  movements,  which  are  more 
central  anatomically  and  higher  physiologically  than 
the  centres  of  origin  of  the  nevve-trunks.  Cases  of 
paralysis  of  both  third  or  both  sixth  nerves,  and  also 
of  complete  ophthalmoplegia,  are  sometimes  due  to 
symmetrical  coarse  disease  (syphilitic  gummata, 
for  instance)  of  the  affected  nerve-trunks.  The 

*  Uevan  Lewis,  '  Trans.  Oplitli.  Soc.,'  vol.  iii,  1883. 
t  For  exceptions  see  Robin,  '  Tronbles  Ocnlaires  dans  les 
Maladies  de  \'Encepliale,'  1880,  p.  95. 
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symptoms  in  all  the  cases  referred  to  in  this  para- 
graph may  be  temporary  or  permanent,  acute  or 
chronic,  and  caused  by  various  fine  or  coarse  anato- 
mical chang-os ;  and  they  are  frequently  associated 
with  other  and  graver  nervous  symptoms.  It  is  of 
great  importance  in  cases  of  multiple  and  associated 
ocular  paralysis  to  make  out,  if  we  can,  whether  the 
symptoms  point  to  peripheral  disease  (disease  of 
nerve-trunks),  or  to  disease  of  the  nuclei  of  origin 
of  the  nerves,  or  to  lesion  of  the  centres  for  certain 
movements. 

Insular  (disseminated)  sclerosis  is  often  accom- 
panied by  nystagmus,  characterised  by  irregularity, 
both  of  the  amplitude  and  rapidity  of  tlie  movements. 

Thei'e  appears  to  be  an  intimate  relation  between 
the  occurrence  of  Convulsions  and  the  formation  of 
lamellar  cataract,  this  form  of  cataract  being  scarcely 
ever  seen,  except  in  those  who  have  had  fits  in  infancy. 
A  very  striking  deformity  of  the  permanent  teeth 
is  also  nearly  always  jn-eseut,  depending  u^jon  an 
abruptly  limited  deficiency,  or  absence,  of  the  enamel 
on  the  part  furthest  from  the  gum  (Fig.  164,  7). 
The  teeth  atfected  are  the  first  molars,  incisors,  and 
canines,  of  the  permanent  set.  The  dental  changes 
are  quite  different  from  those  which  are  pathogno- 
monic of  inherited  syphilis,  although  mixed  forms 
are  sometimes  seen.  The  relation  between  the 
convulsions,  the  cataract,  and  the  defective  dental 
enamel  has  not  been  satisfactorily  explained.  Mr 
Hutchinson  has  collected  many  facts  in  favour  of 
the  belief  that  the  dental  defect  is  due  to  stomatitis 
interfering  with  the  calcification  of  the  enamel  be- 
fore the  eruption  of  the  teeth,  and  that  mercury  is 
the  commonest  cause  of  this  stomatitis.  On  this 
hypothesis  the  coincidence  of  the  dental  defect  and 
the  cataract  is  due  to  mercury  having  been  usually 
prescribed  for  the  infantile  convulsions  from  which 
these  cataractous  children  suffer.  It  seems,  how- 
ever, reasonable  to  suppose  that  the  defect  of  the 
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crystalliue  lens  and  of  tlie  enamel,  both  of  them  epi- 
thelial structures,  may  be  caused  by  some  common 
influence ;  although  the  facts  that  the  peculiar  teeth 
are  often  seen  without  the  cataract,  and  the  cataract 
occasionally  seeu  with  perfect  teetb,  appear  to  weakei> 
this  view.* 

Hysterical  eye  symptoms  (see  pp.  243,  348). 

C.  Cases  in  which  the  eye  shares  in  a  local  process 
affecting  the  neighbouring  parts. 

]n  herpen  zoster  of  the  first  division  of  the  fifth 
neiYe  the  eye  participates.  When  only  the  supra- 
orbial  or  sujira-trochlear  branches  are  attacked  the 
eyeball  usually  escapes,  or  is  only  superficially  con- 
gested. But  if  the  eruption  occur  on  the  parts  sup- 
pliel  by  the  nasal  branch  (i.  e.  if  tlie  spots  extend 
down  to  the  tip  of  the  nose)  then;  is  usually  inflam- 
mation of  the  proper  tissues  of  the  eyeball  (ulcera- 
tioK  or  infiltration  of  cornea,  and  iritis) ;  for  the 
sen-iitive  nerves  of  the  cornea,  iris,  and  choroid  are 
der.ved,  through  the  long  root  of  the  ophthalmic 
ganglion,  from  the  nasal  branch.  Occasionally  the 
eye  suffers,  however,  Avhen  the  nasal  branch  escapes. 
Tho  pain  and  swelling  of  the  herpetic  region  are 
often  so  great  that  the  attack  gets  the  name  of 
"  erysijjelas."  In  rare  cases  atrophy  of  the  optic 
nerve,  and  paralysis  of  the  third  and  other  neigh- 
bouring nerves  occur  with  the  herj^es.f 

In  'iKvrahjsis  of  the  first  division  of  the  fifth  the 
cornea  and  conjunctiva  are  ansesthetic ;  the  cornea 
ijiay  be  touched,  or  rubbed  without  the  jiatieut  feel- 
ing at  all.  In  many  cases  ulceration  of  the  cornea, 
usually  uuccmtrollable  and  destructive  in  character, 
takes  place.  It  is  doubtful  whether  this  is  due 
directly  to  paralysis  or  irritation  of  trophic  fibres 

*  Mr  Kdgiir  Browne  contends  tliat  in  liimolliir  cataniet  with- 
out liistory  "f  tits  tlie  teeth  are  usually  good.  '  Ophth.  Kcview,' 
V,  354  (188G). 

t  A  useful  pa])cr  ou  facial  hcri)es  with  many  references,  by 
Mr  Jessop,  is  published  in  vol.  vi  of  the  '  Ophtliahnologiciil 
Society's  'I'ransactious '  (1886). 
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riinnini,^  in  the  trunk  of  the  fifth,  or  indirectly  to 
tlie  iuiiKsthesia.*  In  regard  to  the  Latter,  it  is  cer- 
tain  tliat  the  loss  of  feeling  (1)  allows  injuries  and 
irritations  to  occur  uiii)erceived,  and,  (2)  hy  remov- 
ing th(;  reflex  effect  of  the  sensory  nerve's  on  tlid 
■calibre  of  the  Idood-vessels,  permits  inflammation  to 
go  on  unconti'olled. 

In  2)aralyniH  of  Ihe  facial  nerve  the  eyelids  canrot 
1)0  shut,  and  the  cornea  remains  more  or  less  ex- 
posed. WIkui  a  strong  effort  is  made  to  close  The 
lids  the  eyel)ii,ll  rolls  upwards  beneath  the  u^per 
lid.  Epiphora  is  a  common  result  of  facial  pfiJ-sy. 
Severe  ulceration  of  the  cornea  may  result  from  the 
cxjiosnre. 

Paralysis  of  iJu;  cervical  sympathetic  causes  some 
nan-owing  of  the  ])alpebral  fissure  from  slight  droop- 
ing of  the  upper  lid,  ajjparent  recession  of  the  eye 
into  the  orbit,  and  more  or  less  miosis  from  paral/sis 
of  the  dihitor  of  t,he  pupil  (j).  845).  ISTo  changes  are 
observed  in  the  calibre  of  the  blood-vessels  of  the 
eye,  or  in  the  seci-etion  of  tears.  The  pupil  is  said  to 
be  less  contracted  after  division  of  the  sympath'^tic 
trunk  than  when  the  trunk  of  the  fifth  (and  witi  it 
the  oculo-sympathetic  fibres)  is  cut,  and  knowledge 
of  this  may  be  now  and  then  useful  in  diagncsis 
{cf  p.  344). 

In  exoplitlialmic  goitre  (Grraves's  disease)  the  eve- 
balls  are  too  prominent,  and  the  protrusion  is  almost 
invariably  bilateral,  though  not  unfrequently  greater 
on  the  right  side.  It  is  often  apparently  increased 
in  slight  cases  by  an  involuntary  elevation  of  the 
upper  lids  when  looking  forwards,  and  by  the  lids 
not  following  the  cornea,  as  they  should  do,  when 
the  patient  looks  down.  '  ' 

In  severe  cases  the  proptosis  may  be  so  great  as 
to  prevent  full  closure  of  the  lids,  and  in  these, 

*  Gowers  considei'.s  it  duo  move  to  irritation  of  tlio  n('rv<> 
tlinn  f;o  the  aniL's(;hesia.  '  Diagnosis  of  Diseases  of  Hrain," 
p.  'M). 
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(L'lngovous  ulceration  of  tlie  cornea  is  to  be  feai'ed. 
In  such  cases  it  is  beneficial  to  shorten  the  palj)e- 
bral  fissure  by  uniting  the  borders  of  the  lids  at  the 
outer  can  thus,  or  even  to  unite  the  lids  in  their 
whole  length  (j).  358).  No  changes  are  present 
in  the  fundus,  excepting  sometimes  dilatation  of 
arteries  and  spontaneous  arterial  pulsation.  The 
seat  of  the  lesion  causing  this  peculiar  malady  is 
not  yet  known.  It  has  been  generally  supposed  to 
be  due  to  some  morbid  condition  of  the  sympathetic, 
but  recent  speculations  point  to  a  localised  central 
lesion,  probably  in  the  medulla  oblongata,  as  being 
more  likely.* 

Erysipelas  of  the  face  sometimes  invades  the  deep 
tissues  of  the  orbit  and  causes  blindness  by  affecting 
the  ojitic  nerve  and  retina  ;  on  recovery  the  eye  is 
found  to  be  blind  and  the  ophthalmoscope  shows 
either  simple  atrophy  of  the  disc,  or  signs  of  past 
retinitis  also.  Other  forms  of  orbital  cellulitis  may 
lead  to  the  same  i-esvdt.    {See  p.  288.) 

Note  on  the  teeth  in  inherited  syphilis,  with  descrip- 
tion of  Fig.  164. — None  of  the  first  set  of  teeth  are 
characteristically  altered,  though  the  incisors  fre- 
quently decay  early. 

In  the  permanent  set  only  two  teeth,  the  central 
upper  incisors,  are  to  be  relied  upon  ;  but  the  other 
incisors,  both  upj^er  and  lower,  and  the  first  molars, 
are  often  deformed  from  the  same  cause.  The 
characteristic  change  in  the  upper  central  incisors 
appears  to  depend  upon  defective  formation  of  the 
central  lobe  of  the  tooth  (Fig.  164,  2,  5,  and  6). 
Soon  after  the  eruj^tion  of  the  tooth  this  lobe  wears 
away,  leaving  at  the  centre  of  the  cutting  edge  a 
vertical  notch  (No.  1).  If  the  cause  have  acted  so 
intensely  as  entirely  to  prevent  the  development  of 
the  central  lobe,  we  find,  instead  of  the  notch,  a 

*  See  an  able  paper  by  Dr  W.  A.  Fitz-Geralcl  in  the  '  Dublin 
.lourn.  M(kI.  Sci.'  for  March  and  April,  1883. 
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luiiTowing  and  tliinnin-^  of  the  cuttinj^'  odgo  in  com- 
]>arison  with  the  crown,  and  this,  according  to  its 
dogrce,  produces  a  resemblance  to  a  screw-driver,  or 
to  a  ])eg  (Nos.  3  and  4).  The  teetli  an;  also  usually 
too  small  in  every  dimension,  so  that  the  incisors  are 
often  8ei)arated  from  one  another  by  considei'able 
spaces.  In  extreme  cases  all  the  incisors  are  i)eg'gy 
and  much  dwarfed.  The  changes  are  usually  sym- 
metrical, but  No.  5  shows  one  tooth  typically 
deformed  and  the  other  normal. 

Fig.  1(J4  (No.  7)  shows  in  an  extreme  degree  tlie 
changes  due  to  absence  of  enamel  from  the  perma- 
nent tei'th  ("  mercurial,"  "  stoniatitic,"  "  strumous," 
and  "  rickety  "  teeth).  The  change  occurs  in  lines 
running  horizontally  across  the  whole  set  of  perma- 
nent incisors  and  canines.  When  slight  it  affects 
only  the  part  near  the  edge,  the  enamel  beginning  as 
a  sudden  terrace  or  step,  a  little  distance  from  the 
edge;  in  bad  cases  several  such  "terraces"  are 
present,  and  the  whole  tooth  is  rough,  pitted,  and 
discoloured.  The  first  permanent  molars  show  a 
corresponding  change  on  the  grinding  surface.  It 
is  this  imperfection  that  is  found  present  in  nearly 
all  cases  of  lamellar  cataract  (p.  422),  though  the 
dental  condition  is  common  enough  in  persons  with- 
out that  or  any  other  form  of  cataract. 


Fig.  164. 
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FORMULA,  ETC. 

NiTKATE  OF  Silver. 

1.  Mitigated  Solid  Nitrate  of  Silver  (B.  P.  1885)  : 

Nitrate  of  Silvur,  1. 
Nitrate  of  Potasli,  2. 
Fused  togetlier  and  run  into  moulds  to  form  short,  ijoiuted 
sticks. 

Used  for  granular  lids  and  purulent  oplitlialmia. 

The  strength  above  given  is  known  as  No.  1,  and  is  that 
which  I  generally  use;  three  weaker  forms  are  made,  known  as 
Nos.  2,  3,  and  4,  containing  respectively  3,  3^,  and  4  parts  of 
Nitrate  of  Potash  to  1  of  Nitrate  of  Silver. 

Pui-e  Nitrate  of  Silver  is  never  to  l)e  used  to  the  conjunctiva. 

2.  Solutions  of  Nitrate  of  Silver  : 

(1)  Nitrate  of  Silver  gr.  x  or  xx. 
Distilled  Water  Jj. 
Used  by  the  surgeon  for  ])urulent  ophthalmia,  granular  lids, 
and  chronic  conjunctivitis,  and  some  cases  of  ulcer  of  the  cornea. 

3.  (2)  Nitrate  of  Silver  gr.  j  or  ij. 

Distilled  Water  §j. 
Used  by  the  patient  in  various  forms  of  ophthalmia ;  only 
a  few  drops  to  be  used  at  a  time,  and  not  more  than  three  times 
a  day. 

All  Solutions  of  Nitrate  of  Silver  should  be  ke])t  in  ghiss- 
stopjjered  bottles;  any  trace  of  organic  matter  decomj)oses  the 
salt,  and  a  black  deposit  of  metallic  silver  falls  to  the  bottom  ; 
the  action  of  light  favours  this  decomposition  :  amber-tinted 
glass  is  said  to  counteract  the  chemical  action  of  light.  Dark 
blue  bottles  should  not  be  used,  as  they  only  hide  the  dejiosit 
of  reduced  silver. 

SCLPHATE  OF  COPPER. 

4.  Acryatal  of  Pure  Sulphate  of  Copper, smootMy  \Hniilt:d, 
may  be  used  for  touching  granular  lids  of  old  standing. 
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5.  Lapis  Divinus : 

Sulphate  of  Copper  1, 
Alum  1, 

Nitrate  of  Potash  1. 

Fused  tac,'ctlicr,  and  Camphor  equal  to  of  the  whole  added. 
The  preparation  is  run  into  moulds  to  form  sticks.  It  slioidd 
])(!  kept  in  a  stoi)])(>red  bottle. 

Largely  used  for  the  treatment  of  chronic  granular  lids. 

6.  Solutions  of  Sulphate  of  Copper  or  of  Lapis  Divinus, 
^'i'-  .i  ill  .T.)  "f  distilled  water,  are  also  very  useful  for  many  forms 
lA'  chronic;  conjunctivitis. 

LnAi)  Lotion  : 

7.  Liquor  Plnuibi  Snhacetatis  (B.  P.)  3j, 
Distilled  Water  Oj. 

(1  in  160.) 

Used  in  chronic  conjunctivitis  when  the  cornea  is  sound,  and 
in  infiammatiou  of  the  eyelids  and  lacrimal  sac. 

.Spirit  Lotion  : 

8.  Rectified  (or  Methylated)  Spirit  giv, 
Water  Jxvj. 

Used  as  an  evaporating  lotion  to  allay  or  ))revont  inflamma- 
tion of  the  wound  after  operations  on  the  eyelids. 

9.  Lead  and  Spirit  Lotion  : 

Spirit  Lotion  Oj. 

Liquor  Plumbi  Subacetatis  (B.  P.)  jij. 
Used  iu  the  same  cases  when  there  is  no  fear  that  the  cornea 
is  abraded  or  ulcerated.    A  better  antiphlogistic  than  spirit 
alone. 

Meecury. 

10.  Since  the  publication  of  Sattler's  experiments  on 
antiseptics  in  1883,  weak  Solutions  of  Ferchloride  of  Mercury 
have  come  largely  into  use  for  cleansing  the  conjunctiva,  eye- 
lids, &c.,  before,  during,  and  after  operations,  this  salt  being, 
iiccoi-ding  to  that  author,  the  best  available  germicide.  A  solu- 
tion of  1  grain  in  5000  of  water  (common  or  distilled)  (=  gr.  j 
in  fl.  3xij)  may  be  freely  used  for  the  above  purposes,  and  a 
stronger  one  (1  to  2500)  (=  gr.  j  in  fl.  gvj)  as  a  lotion  for 
catarrhal  ophthalmia,  &c.  Some  surgeons  use  much  stronger 
solutions. 

The  Moorfields  Pharmacopoeia  has  a  lotion  containing  1 
grain  in  fl.  Sviij,  or  1  in  3500. 

The  otticinai  solution  (Liq.  Hydrarg.  Perchlor.)  contains 
Chloride  of  Ammonium  also,  and  is  decomposed  and  rendered 
almost  inert  if  diluted  with  common,  instead  of  distilled,  water; 


APPENDIX 


431 


but  a  solution  of  tlio  Percliloride  alone  in  common  or  distilled 
water  is  stable.    (Martindale's  Extra  Pharmacopoeia.) 

11.  Calomel  Powder : 

Used  for  dusting  aw  the  cornea  in  some  cases  of  ulceration. 
It  is  flicked  into  the  eye  from  a  dry  camel-hair  brush. 

12.  Yellow  Oxide   of  3Ierctirt/   ("  Yelloio  Ointment," 

"  Pagetistecher's  Ointment ")  : 
Yellow  O.xide  of  Mercury  gr.  xxiv. 
Vaseline  5j- 

(1  in  20.) 

13.  Weaker  preparations,  containing  gr.  vii  j  or  less  of  the 
Yellow  0.\ide  to      (1  in  60  or  less),  are  often  better  borne. 

Used  in  many  cases  of  corneal  ulceration  and  recent  corneal 
nebulaj,  a  morsel  as  large  as  a  hemp-seed  being  inserted  within 
the  lower  lid  by  means  of  a  small  brush,  once  or  twice  a  day. 
It  is  also  suitable  for  ophthalmia  tarsi. 

In  some  of  the  Continental  Eye  Hospitals,  where  it  is  the 
custom  for  this  remedy,  amongst  others,  to  be  applied  by  the 
surgeon  himself,  stronger  preparations  are  used. 

14.  Yelloio  Ointment  toith  Atropine  : 

Yellow  0.xide  of  Mercury  gr.  viij  or  less. 
Atropine  gr.  |, 
Vaseline  Jj. 
Used  in  the  same  way  as  12  and  13. 

15.  lied  Oxide  of  Mercttry  : 

Red  O-vide  of  Mercury  gr.  x.xiv  or  less. 
Vaseline  Jp 

Used  for  ophthalmia  tarsi,  &c.  Was  formei'ly  used  for  cor- 
neal ulcers  and  nebula? ;  but  the  Y'^ellow  Oxide,  which  being 
made  by  precipitation  is  not  crystalline,  is  now  generally  pre- 
ferred because  less  irritating.* 

16.  Nitrate  of  Mercury  {Citrine  Ointment)  : 

Unguentum  Hydrargyri  Nitratis  (13.  P.)  5^], 
Vaseline  or  Prepared  Lard  jvij. 
Used  in  the  same  cases  as  15. 

17.  Iodoform  : 

Iodoform  may  be  used  either  in  substance,  or  as  an  ointment 
made  with  Vaseline. 

Iodoform  gr.  x  to  gr.  xxx  or  more. 
Vaseline  3]. 
Uny.  lodoformi  (li.  P.  1885)  : 
Iodoform  gr.  xlviij, 
Benzoated  Lard  Jj. 

*  The  ointment  known  as  "Singleton's  Golden  Eye  Oint- 
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18.  lodol,  which  is  odourless,  may  bo  used  in  tlie  same  wtu  . 
The  precipitated  iodoform  (im])al])al)le  powder)  shoukl  be  used 
in  preference  to  the  ordinary,  or  crystalline,  form,  for  the  eye. 

Sulphate  of  Zinc  : 

19.  Sulphate  of  Zinc  gr.  j  or  ij. 
Water  or  Rose  Water  Jj. 

Cdlokide  op  Zinc: 

20.  Chloride  of  Zinc  gr.  ij. 
Water  Jj. 

If  there  is  a  deposit,  add  of  Dilute  Hydro- 
chloric Acid,  just  enough  to  uuike  a  clear 
solutiou. 

21.  Chloride  of  Zinc  Paste  (Caustic)  : 

(1)  Chloride  of  Zinc  1, 
Wheat  Flour  2,  3,  or  4. 

Water,  enough  to  make  a  thick  paste  (St 
Thomas's  Hospital). 

(2)  Allow  solid  Chloride  of  Zinc  to  deliquesce, 

add  a  little  glycerine,  and  make  into  a 
paste  with  powdered  Sanguinaria.  The 
glycerine  prevents  liardening  ou  keeping 
(St  Thomas's  Hospital). 

(3)  Chloride  of  Zinc  480  grains  (8), 
Wheat  Flour  180  grains  (3), 

Water,  or  Liquor  Opii  Sedntivus,  II.  (8) 
(Middlesex  and  Moorfields  Ophthalmic 
Hospitals). 

(4)  Chloride  oF  Zinc  1, 

Freshly -burned  Plaster  of  Paris  2. 
Made  into  a  paste  with  a  few  drops  of  water. 
(Druitt's  '  Vade  Mecum,'  9th  ed.) 

(5)  Chloride  of  Zinc  1, 
Oxide  of  Zinc  ], 
Wheat  Flour  2, 

Water,  enough  to  make  a  stiff  paste,  which 
is  made  into  caustic  points.  (Squire, 
13th  ed.) 

It  would  seem  from  the  above  that  the  exact  composition  of 
the  paste  is  not  of  much  importance.  It  would  be  desirable  to 
have  the  point  settled. 

ment"  appears  to  contain  the  crystalline  red  oxide  in  fine 
])owder  as  its  active  ingredient.  A  sample,  kindly  analysed  for 
me  by  Mr  S.  Plowman,  contained  70  grains  of  the  oxide  to  the 
ounce. 


APPENDIX 


43S 


Alum  : 

22.  A  stick  of  puvo  crystalline  alum  *  forms  a  very 
useful  application  for  mild,  or  long-standing,  cases  of  granular 
conjunctiva,  and  for  many  forms  of  chronic  palpebral  coniuuc- 
tivitis.  It  may  be  used  by  the  patient  himself  without  the 
slightest  risk. 

23.  Lotion  : 

Alum  gr.  iv  to  gr.  x. 
Water  5]'. 

The  cabove  lotions  are  in  common  use  iu  the  milder  forms  of 
acute  and  chronic  ophthalmia.  The  Chloride  of  Zinc  occasion- 
ally irritates ;  it  is  specially  used  in  purulent  and  severe  catar- 
rhal ophthalmia  instead  of  the  weak  Nitrate  of  Silver  lotions. 
The  stronger  Alum  lotion  is  often  used  in  the  same  cases.  The 
Alum  and  Sulphate  of  Zinc  lotions  may  be  used  unsparingly  to 
the  conjunctiva;  the  Chloride,  even  in  severe  cases,  not  more 
than  six  times  a  day. 

Cabbonate  of  Soda : 

24.  Carbonate  of  Soda  gr.  x. 
Water  3j. 

Used  for  softening  the  crusts  in  severe  ophthalmia  tarsi.  A 
small  quantity  of  the  lotion,  diluted  with  its  own  bulk  of  hot 
water,  to  be  used  for  soaking  the  edges  of  the  eyelids  for  ten  or 
fifteen  minutes  night  and  morning. 
Tab  and  Soda : 

25.  Carbonate  of  Soda  5iss, 

Liquor  Carbonis  Dctergens  jj  to  5SS, 
Water  to  Oj. 
Used  in  the  same  cases  as  the  last. 

BOEAX : 

26.  Biborate  of  Soda  gr.  x  to  xx, 
Water  3^. 

Used  in  the  same  cases  as  the  last. 
C2TIININE  Lotion  : 

27.  Sulphate  of  Quinine  gr.  iij, 

Acid.  Sulph.  dil.  (li.  P.)  just  enough  to  dis- 
solve. 
Water 

Used  in  diphtheritic  ophthalmia. 
BoEAcic  Acid  Lotion  : 

28.  Boracic  Acid  4, 
Water  100  by  weight. 

U.sed  as  an  antiseptic  before  and  after  operations  on  the 

*  So  far  as  I  know,  Mr  Martindalc  is  the  only  London 
cliemist  who  keeps  this  alum  pencil. 

28 
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oycliiill,  iiiul  ill  tlio  treatment,  of  suppuriiLiiiy  ulcers  of  the 
coi'iioa. 

Horiieic;  Acid  in  very  fine  powder  iiiiiv  l>e  used  for  diistiiif,'  on 
to  tlu!  cornea  in  (rases  of  severe  sii|)])urating  ulcer;  it  causes 
scarcely  any  jiaiu  and  may  bo  apijlied  as  often  as  three  times  a 
<I;iy  (]).  112).  Tlic  crystals  are  dilKcult  to  jiowder  tiiiely,  liut  an 
almost  impalpable  amorphous  powder,  obtained  by  jireventinff 
refjnlar  crystuilisatioii,  can  Ik;  had. 

Mr  Martiudah^  has  made  fen-  me  some  soluble  styles  con- 
tailiiiii^  about  ()()  ])er  cent,  of  boracie  acid  for  use  in  cases  of 
lacrimal  obstruction  with  niucii  secretion  of  mucus  (]).  7H). 

Solutions  of  boric  acid    often    tarnish    steel;  inslrumeids 
should  therefore  not  be  left  in  them. 
BoKic  Acid  Ointment  (B.  P.  1885) : 

Boric  Acid  G8  gr.  to     of  Paraffin. 
€auiiolic  Acid  Lotion  : 

29.  Absolute  Plienol  5, 
Water  by  wei^-ht  100. 

Used  ill  ])urulent  ophtliahiiia.  It  is  imiiortant  to  use  abso- 
lutely ])iire  carbolic  acid  for  the  coiijiiuctiva.  Severe  irritation 
■often  follows  if  any  otlier  varieties  are  employed. 

Lotion  of  Salicylic  Acid  is  so  irritating  to  the  surface  of  the 
■eye  that  it  can  seldom  be  used.  'I'he  same  objection  ni)])lics  to 
salicylic  wool  used  for  dressing  the  eye  after  operations. 

30.  COCAIN. 

Coeain  was  brought  into  clinical  use  in  September,  1S84,  at 
Vienna,  and  in  London  and  elsewhere  early  in  October. 

A  2  per  cent,  solution  of  a  salt  of  cocain  dropped  into  the  con- 
junctival sac  causes  smarting  for  about  lialf  a  minute,  followed  by 
numbness,  rising  to  complete  anajstliesia  of  ocular  conjunctiva 
jind  cornea  in  about  two  to  five  minutes;  in  three  to  five 
minutes  after  tlie  maximum  is  reached,  feeling  begins  to  return, 
but  slight  numbness  continues  for  about  twenty  minutes.  There 
is  often  a  feeling  of  coldness,  as  sensation  is  retnriiing.  Cocain 
also  causes  widening  of  the  pal])ebral  fissure  by  retraction  of 
the  upper  and  lower  lids,  whitening  of  eyeball  from  contraction 
of  blood-vessels,  mydriasis,  very  slight  weakness  of  Ace,  and 
perhaps  lowering  of  the  eye  tension.  These  effects  last  about 
half  an  hour,  except  the  mydriasis,  which  remains  in  some  de- 
gree about  twenty-four  hours.  The  jnipil  dilated  by  cocain 
remains  active  to  light  and  Acc. ;  if  atropine  be  added  the 
pupil  becomes  larger  than  from  either  drug  singly.  Eserine 
quickly  and  fully  overcomes  the  effect  of  cocain.  Acc.  is  com- 
pletely paralysed  for  a  very  short  time  if  cocain  be  used  every 
few  minutes  for  about  an  liour.  These  effects  of  cocain  (except 
the  last)  are  explicable  on  the  supposition  that  it  causes  spasm 
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of  the  sympathetic  uervc-fibies  to  the  eyelids,  iris,  and  super- 
ticial  blood-vessels ;  whether  a  similar  eontvaetion  of  the 
arteries  of  the  ciliary  muscle,  brought  about  by  the  repeated 
use  of  the  drug,  explains  the  fleeting  paralysis  of  Acc.  is  open  to 
question.  Cocain  has  no  ascertainable  action  on  the  vessels  of 
the  retina  and  choroid.  Cocain  is  thought  by  some  to  aid  the 
fiction  of  Esorine  in  chronic  glaucoma,  when  the  two  are  used 
together;  this  is  intelligible  if  cocain  acts  by  contracting  the 
miliary  arteries. 

In  ophthalmology  cocain  is  used  chiefly  for  ani^'stliesia  before 
operations  on  the  eyeball,  and  painful  applications  to  the  pal- 
pebral conjunctiva.    For  the  former,  a  freshly  made  2  per  cent, 
solution  of  jierfectly  pure  hydrochlorato  of  cocain  in  freshly  boiled 
distilled  water  is  the  safest  preparation  ;  but  gelatine  discs  of 
the  pure  salt,  if  free  from  hygroscopic  tendency,  may  be  safely 
used.    Solutions  in  oil  or  vaseline  are  uncleanly  and  not  suitable 
for  surgical  purposes.     Watery  solutions  of  cocain  should  be 
3ised  quite  fresh  ;  even  if  made  with  boracic  acid  or  camphor 
water  they  often,  if  kept,  grow  fungi,  and  are  then  unsafe. 
Bichloride  of  mercury  in  sutticient  quantity  to  prevent  growth, 
sometimes,  in  conjunction  with  cocain,  causes  considerable  hazi- 
ness of  the  cornea.    Kven  cocain  alone,  if  too  freely  used,  causes 
dryness,  loosening,  and  even  separation  of  the  corneal  epithe- 
lium :  the  desiccation  of  the  corneal  epithelium  is  said  to  occur 
in  direct  proportion  to  the  frequency  of  use  of  the  cocain,  and 
of  exposure  of  the  cornea  to  the  air,  rather  than  to  the  strength 
of  the  solution  employed.    Not  more  than  three  applications 
need  be  made,  within  five  minutes,  before  operations  for  cataract, 
&c.  Cocain  has  been  accused  of  producing  glaucoma,  but,  as  far 
as  the  few  recorded  cases  show,  withoiit  much  reason.  For 
deadening  granular  lids,  or  similar  conditions,  a  much  stronger 
solution  must  be  painted  over  the  affected  surface  (I  use  a  20 
per  cent,  solution  or  the  solid  salt).    For  small  tumours  about 
the  lid,  &c.,  a  4  per  cent,  solution  is  injected  in  different  direc- 
tions at  the  base  of  the  growth. 

LAMELLiE  C0CAIN.S;  (B.  p.  1885)  i"  ''•^fh. 

If  the  eye  be  congested  or  inflamed  cocain  acts  much  less 
perfectly  on  the  conjunctiva;  but  it  acts  as  well  upon  an 
ulcerated  as  upon  a  healthy  cornea.  As  the  cocain  takes 
cH'ect  only  on  the  part  which  it  touches,  the  solution  must  be 
made  to  flow  all  over  the  cornea  and  conjunctiva;  and  as  it 
penetrates  little,  if  at  all,  it  must  be  injected  under  the  con- 
junctiva if  we  wish  to  render  the  later  (tenot(nny)  stage  of  a 
squint  operati<m  painless,  or  to  excise  the  eyeball  under  its 
inrtuence.  Cocain  as  ordinarily  used  does  not  seem  to  affect  the 
sensibility  of  the  iris,  at  any  rate  no  such  action  has  been 
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proved;  ii)ji!ctioii  into  tlie  anterior  cluunbcr  fur  tlii.s  purpose  is 
not  priictieablc  even  if  safe. 

Cocain  is  used  in  acute  iritis  in  conjunction  witli  Atropine,  with 
tlie  idea  tliat  it  will  assist  tiie  anodyne  aiul  mydriatic  ed'ects  of 
the  latter.  My  own  e.\i)erience  does  not  eualjle  me  to  speak. 
stro]ig'ly  on  this  jjoint. 

Kor  producing,'  rajjid  1)ut  hriel'  paralysis  of  Acc.  (in  ametroiiia) 
a  solution  eoutaininf,'  2  ])er  cent,  of  cocain  and  2  per  cent,  of 
Honiatroi)iue  is  reconuneuded  by  Mr  Lanj,',  and  is  convenient  iu 
suitable  cases  ;  the  maximum  efl'ect  is  gained  in  from  20  to  GO 
nnnutes,  but  soon  begins  to  decline. 

Faintness  and  other  signs  of  nervous  dcjiression  have  been 
re])orted  as  due  to  cocain,  even  when  used  to  the  eye  alone. 
J  believe  that  these  syuijitoms  are  generally  due  to  reacrtion 
after  the  mentiil  strain  atten<ling  an  ojieration,  of  which  the 
patient  is  conscious ;  for  before  cocain  was  used  we  wen- 
familiar  with  the  occurrence  of  faintness  and  vomiting  from 
time  to  time  when  eye  oj)eratioiis  had  been  undergone  without 
auiL'sthesia. 

Mtdkiatics  and  Miotics  : 

lil.    (1)    Stronrj  Atropine  Drops  : 

Li(|Uor  Atro])inie  Sid]ibatis  (B.  P.) 
(Sul])hate  of  Atropia  gr.  i.\, 
Camj)hor  water  ^xviss). 

Used  in  eases  where  the  rapid  and  full  local  action  of  the  drug 
is  required.  For  many  pnr))oses  Atropine  droi)s  may  be  used 
considerably  weaker  than  tlie  above.  Atropine  (a  single  dro]), 
of  2  grains  to  gj,  or  about  '5  per  cent.)  begins  to  dilate  the 
pupil  in  about  fifteen  minutes,  and  to])aralysetheaccommodatioiv 
a  few  minutes  later ;  it  produces  wide  dilatation  of  the  pupil 
(8  to  9  mm.)  in  30  to  40  minutes,  and  full  paralysis  of  accommo- 
dation iu  about  2  hours.  Both  remain  at  their  height  for  24 
hours,  and  the  effect  does  not  pass  oif  entirely  till  from  3  to  7 
days,  the  accommodation  recovering  rather  sooner  than  the 
pupil.  If  stronger  solutions  be  used  several  times,  the  action 
continues  longer.  The  effects  of  Atropine  are  only  very  tempo- 
rarily and  imperfectly  overcome  by  Eserine.  Atropine  slightly 
lowers  the  tension  of  the  healthy  eye,  but  usually  increases  the 
tension  in  glaucoma. 

(2)     Weak  Afropine  Drops  : 

Sul])hate  of  Atropia  gr.  i  to  :J^, 
Distilled  water  5,j. 
Used  when,  for  o]itical  jjurjioses,  it  is  desired  to  keep  the  pupil 
dilated  for  a  long  time,  as  in  imnuiture  nuclear  cataract.  A 
single  drop  about  three  times  a  week  will  generally  suffice. 
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Vi  iv  uiiik  .Vlrii|ilni'  nets  uinii'  mi  lli.'  impil  lluiii  on  tlii> 
iiiiHliit  i<>n. 

S.iliiti.iim  .il'  Siil|ilmt.'  of  Vtro|iiiu'  ki'<'|i  for  itii  iiul.'liiiilc  tiino  ; 
till'  lloi't-iili'iil  Hi'iliiiiciit  wliiili  iifli'ii  lunii*  iliH's  nut  iiii|uiii'  tlirir 
I'll'iririii'x .  'I"lu'  inyilriul  ii  n  mnl  niinlics  iiiiiv  U'  iisoil  in  tin'  t'unii 
of  oiiitini-nl  with  \iisi'|ini>  ov  i'n«tnr  nil,  unit  u  siinilli'i'  i«<  ri'i'tituc*' 
•  if  till'  ilriii:  i'*  llii'n  noi'cssmv  ;  tin'  iilkiilniiU  t lii'ni-.>K i-s  niuHl 
l'«'  u^i'il.  tln  ir  •.iiltH  nut  In  int'  snlnlili-  in  I'uts  iinil  niU, 

[A)     1,1.,.  .ttrof>iH,r  (W.  I'.  lSSr>) 
A  t  ri>|iini'       \  ii i, 
Iti'i  t .  Siiii  ii  -,'.N. 
Mrii/oiiti'^l  I.iiril 
Tliis  uintnu'iit  is  iii  i'illi's-ily  ■'I roiii:  t'oi  nni-.l  | nn- 1 '<'•.,  ?, ;  1  ^jiniu 
to  1  iniiici'  is  ns\ml|y  cnnnkili. 

{■i)     L.iinfU,r  .tfropiH.t  (\\.  V.  ISS.M  j       ci  .  in  om  li. 

II'J.     lh\turinf  • 

Snl|>li:it<'  ot'  niitnriii  iv, 
I'istilli'il  Wllti'l-  \\. 
I'si'il  us  II  niylriutic  in  rasfs  w  ln'i  i-  Atropini'  i  iinscs  coiynni-- 
tiviil  initiition. 

nil.     lUihoisiHf  ; 

Snl|i|niti'  i«r  Unlioisiu  ^-r.  j, 

l>islill,'(l  Will.'!- 

A  niyiiiiiilic,  iictiiik;  inoir  i|nii  kly  iitnl  powi'ifnllv,  unil  |>ns'<ini; 
<'(T  in  II  slioitcr  tiiin',  tinin  AtiMpin.'.  Ii  is  toli  iiitcil  in  i-iiin-» 
wlu'ic  Atii<|iiin'  l  ansi's  I'onjnnrl  i\ it  is.  'I'o  li,.  nsnl  «itli  i  imtiini, 
as  » I'll  iniii'k<'il  lo\i,'  synijitonis  me  soinctiinrs  citiisoil. 

Diilxiisini'  Ih'irins  to  iii'l  on  till'  |Mi|>il  iiinl  iici'oniinmliitiiMi  in 
loss  tliiin  Id  ininiil.  s,  inoilm-.'s  t'nll  ni\ iliiiisis  in  less  tlnin  LM 
niinnti's.  unil  i-onipl.'l i  \ .  lo|.l.'i.Ma  in  „l,ont  on,.  Iioiir.  Tin' 
nnivininni  .'(Tcrt  .lo.  s  not  |,isi  i|nit<'  s.i  Ioiik'  us,  iin>l  tin'  .  (T.'.-l 
IMissi's  oir  lonipli'tcly  nitlnr  sooii.t  tliiin.  timt  of  Alio|iini'. 
Unl.oisin,'  s.  l.l.nn  Im'iiks  ilowii  iiitii'  inllu'sions  « lii.  li  lim,. 
iilivii.ly  r.  si,i,a  Atn<).in,'.  Its  .  liirf  us,.  M.,.ins  to  l.c  r,.r  i-uhck 
m  \\  liii  li  Atio|iiin.  i  iinsi's  ii  i  itnl ion. 

;i  I.     Ilom'il rui't  nr 

llyili'oliroiniito  of  ll(iniutro|iin,'  iv, 
Disi  ill,',|  \Vut,.|- 

A  inulii.ili,',  ii,tinir  inlli.'i-  in.n-,.  ,|ni.'k  ly  iin.l  imssini.-  ofl'  nin.  li 
soon.r  tli.in  Atiopin,';  \ .  ly  ,  oiu  ,'ni,'nl  ,"t  li.'r.foi  ,•.  for  .lilntinj; 
til,'  pupil  for  opiil  liiilinoscopii'  I'Miniiniil  ion. 

Iloiniiliopin,.  Ix't'ins  to  „„  t  In-  |inpil  iin,l  ii.  .-,.niin>Hliilion 
III  lioni  r.  to  1,-,  niinnl.'s  :  tin-  ^.-r.'.ttcst  .liliitiil ion  of  pnpil 
(nsimlly,  !,..« ,.v,'i-,  n»tli,.i-  |..hs  ili»n  tImt  ,>l.|.iiii,.,l  l,x  Atropin,.) 
M  rm.  lii-.l  in  iil.out  .'.ti  ininnt,  s,  mnl  ,'onipl,'l,.  or  ii.  arlv  .  .nii- 
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plete  cycloplepia  in  an  liour  or  rather  less  (witli  the  solution  of 
gr.  iv  to  Jj).  'I'he  full  effect  is  only  maintained,  however,  for  an 
hour,  more  or  less,  and  both  ]ni])il  and  aueommodation  usually 
recover  comi)lotcly  in  24  hours  or  less.  Its  action  is  quicker  and 
rather  more  iK)\verful  if  it  be  used  with  cocain.    (iS'ee  (Jocain.) 

35.    Userine  (Physostigmine)  (Alkaloid  of  Calabar  Bean)  : 
(1)     Sul|)hate  of  Esei-ia  gr.  iv. 
Distilled  Water  ^j. 
Used  in    mydriasis  and  jiaralysis  of   the  accommodation, 
whether  <,'aused  l)y  Atrojjiuc!  or  l)y  nerve-lesions,  in  some  forms 
of  corneal  ulcer,  and  in  acute  glaucoma. 

(2)  A  weaker  solution  (gr.  j  to  5)')  is  often  better  borne. 
Eseriuc  begins  to  contract  the  \m\\\\  and  cause  sjiasm  of  the 
accomniddation  iu  about  5  minutes :  its  nuiximum  effect  is 
reached  in  20  to  -If)  minutes.  Its  full  elTect  on  the  accommoda- 
tion lasts  only  an  hour  or  two,  but  tlic  ])upil  does  not  completely 
recover  for  numy  hours,  .sometimes  2  or  3  days.  A  very  weak 
solution  acts  more  on  the  ])upil  than  on  the  accommodation. 
lOserine  causes  ])aiu  in  the  I'ye  and  head,  arterial  ciliary  con- 
gestion, and  twitching  of  the  orbicularis ;  the  pain,  sometimes 
severe,  seldom  lasts  long.  I'lserine  often  lessens  the  tension  in 
primary  glaucoma. 

(3)    LamellcE  Physostifjmina:  {\\.  V.  1885)  -j-^r,r, 
cacli. 

All  the  mydriatics  and  miotics  may  he  obtained  in  the  form 
of  small  gelatine  discs  of  known  strength  (made  by  Savory  and 
Moore,  and  by  Martindale),  which  are  sometimes  more  con- 
venient than  the  soluti(jns.  Of  the  mydriatics,  Homatropine 
i>nd  Duboisinc  are  much  the  most  expensive. 

36.  Belladonna  Fomentation  : 

E.\tract  of  Belladonna  5,]  to  5i_i, 
AVater  O.j. 

Warmed  in  a  cu])  or  small  basin  and  used  as  a  hot  fomenta- 
tion in  suppurating  and  serpiginous  ulcers  of  cornea. 

37.  Pilovarpine  for  Suhcutnneous  Injection: 

Hydrochloratc  of  Pilocarpine  gr.  v. 
Distilled  Water  5j. 
Dose,  miij,  gradually  increased,  to  be  injected  daily  or  less 
often.  .  .  . 

Used  in  cases  of  retinal  detachment,  choroiditis,  and  retniitis. 

38.  Filocarpine  Drops  gr.  iv  to  ^^j. 

Pilocarpine  is  a  miotic  like  Escrine,  but  its  action  is  much 
weaker. 
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31).    Stiiyciinia  for  Subcutaneous  Injection  : 
Liquor  StrycluiiiiaE  (B.  P.)  gr.  iv  to  \\. 
Doso,  2  iiiiiiinis  (J;  grain),  griulually  iiicrcast'd,  for  subcu- 
taneous injoftiou.    To  be  injected  once  a  day. 

40.  "  Jequirity  "  seeds,  obtained  fn)ni  a  leguminous 
plant,  are  used  in  ISoutli  America  tor  tlio  cure  of"  granular  lids- 
(p.  Ul).  Tliey  Ciin  now  be  readily  obtained  in  nioderately  tine 
powder.  The  infusion  is  made  by  soaking  the  powder  in  cold 
water  for  a  couple  of  hours,  or  better,  in  water  at  120°  F., 
allowing  it  to  stand  till  cool,  and  straining  through  muslin ;  it 
is  then  ready  for  use,  but  will  remain  active  for  several  days. 
"When  ol)viously  decomposed  (fcctid)  it  is  no  longer  active. 
The  simple  powder  dusted  into  the  con]nuctiva  is  said  to  be- 
active,  but  two  or  three  trials  which  I  made  with  it  were  nega- 
tive. 

Tlie  action  of  Je(piirity  probiibly  depends  ujion  a.  nitrogenous 
ferment,  not,  as  was  for  a  time  believed,  upon  a  specilic  microbe.. 
A  substance  possessing  the  peculiar  properties  of  the  natural 
seed  has  beciu  seiwrated  by  more  than  one  experimenter,  but 
docs  not  appear  to  be  procurable  in  the  market ;  it  is  difficult, 
to  make,  and  its  composition  seems  to  vary. 

As  the  intensity  of  ac'tiou  of  Jequirity  infusions  of  the  same- 
strengtli  varies  very  much  in  different  ])crsons,  and  is  some- 
times very  severe,  it  is  best  to  use  a  weak  jireparation  (1  graiiL 
of  ])owder  in  100  grains  of  water  or  3j  to  H.5.\iiss)  for  all  cases 
at  first.  A  single  i)rolonged  apjilication,  or  several  applications, 
within  a  few  minutes,  to  the  everted  lids  will  suffice. 

41.  liANDAOES  for  the  eyes  uiay  be  of  thin  Ihmnel  or  soft 
calico.  A  linen  or  cottou  bandage,  about  ten  inclies  long,  witli 
four  tails  of  tape,  or  a  loop  of  tiqie  euibracing  the  Ijack  of  the- 
head  ( Liebreicli's  bandage),  is  very  convenient  at'lcr  the  more- 
serious  operations.  An  ordinary  n.arrow  Hanuel  bandage  is 
better  wlien  much  pressure  is  wanted,  or  if  the  patient  be  unruly. 
The  solt,  elastic,  woven  bandage,  known  as  the  "Leicester" 
bandage,  is  even  pleasanter  than  Hanuel. 

When  absolute  exclusion  of  light  is  desired,  it  is  best  to  use 
a  l)andage  nuide  of  a  double  fold  of  some  thin  black  material. 

Fine  old  linen  is  better  than  lint  for  laying  next  the  skiu  in 
dressing's  after  operations. 

4-2.    Shadks  may  be  boughtat  the  ojjticians'  and  chemists' 
or  may  be  made  of  thin  cardboard  covered  with  souie  dark 
material,  or  of  stout  dark  blue  paper,  like  tliat  used  for  making 
grocer.s'  sugar  bags.    Shades  ()f  black  plaited  straw  are  also  very 
liglit  and  convenient  (Allen  and  Ilanbury's,  Vere  Street,  VV.). 

Shades,  to  be  effectual,  should  exleiul  to  the  temple  on  each 
side,  so  as  to  exdndi'  all  side  light. 
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43.  PnoTECTiVE  Glasses. 

Viirions  i)iitterns  of  glasses  arc  made  for  the  purpose  of  pro- 
teetiiig  tlie  eyes  from  wind,  dust,  and  briglit  light.  The  glasses 
are  either  Hat,  or  hollow  like  a  watch-glass,  and  are  coloured 
an  various  shades  of  hlue  or  smoke  tint.  The  most  efTcctual 
sire  the  ones  known  as  "  goggles  ;"  iu  these  the  sjmee  hetweeu 
the  ghiss  and  the  edge  of  the  orhit  is  filled  by  a  carefully 
fitting  framework  of  fine  wire  gauze  or  black  crape,  by  which 
side  wind  and  light  are  excluded.  A  snuill  air-pad  of  thin 
iiulia-rubber  tubing  makes  the  frame  fit  still  niore  closely. 

Other  forms,  known  as  "  horseshoe"  or  "  D,"  and  "domed" 
■or  "  hollow,"  glasses  are  also  in  common  use. 

44.  Test  Types. 

Snellen's  types  for  testing  both  near  and  distant  vision 
under  an  angle  of  5  minutes  can  be  obtained,  in  several 
hinguages,  iu  the  form  of  a  small  book,  from  Williams  and 
Norgatc,  14,  Henrietta  Street,  Covent  Garden. 

The  types  which  I  generally  use  for  testing  near  vision  are 
those  used  at  the  Moorfields  Hosjjital,  where  they  may  be 
obtained.  They  can  also  be  bought,  conveniently  mounted,  of 
Millikin  and  Co.,  Instrument  Makers,  Albert  Pjuibankment, 
S.E.  These  types  nearly  resemble  those  of  Jaeger,  and  though 
less  correct  theoretically  than  the  corres])onding  types  of 
Snellen's  scale,  are  more  convenient  in  practice  for  testing  the 
reading  power.  There  are  several  other  sets  of  test  types  which 
it  is  unnecessary  here  to  particularise. 

A  convenient  set  of  tests,  small  enough  to  be  carried  in  the 
pocket,  has  been  aiTauged  for  me  by  Mr  Hawksley,  800,  0.vford 
Street.  It  consists  of  types  for  near  and  distant  vision,  a 
pupillometer  for  measuring  the  pupil,  a  set  of  coloured  stuffs 
for  colour-blindness,  and  a  small  series  of  lenses  for  testing 
refraction.  This  case  is  intended  chierty  for  ward  work  and 
general  medical  cases.  It  may  be  also  bought  without  the 
lenses. 

45.  OPHTHALMOSCOrES. 

It  is  impossible  to  say  that  any  ophthalmoscope  is  the  best. 
When  expense  is  not  a  gi-eat  object  it  is  always  better  to  have 
■one  of  the  so-called  "  refraction  ophthalmoscopes."  In  these  a 
■number  of  small  lenses  are  placed  in  a  disc  behind  the  mirror, 
the  disc  being  made  to  revolve  by  finger  pressure  so  as  to  bring 
the  lenses  one  after  another  opposite  the  sight-hole.  The  use 
•of  the  lenses  is  explained  at  p.  54.  For  niedical  ojihthalmo- 
scopy  it  is  not  essential  to  have  so  many  lenses ;  about  four 
concave  and  two  convex  will  enable  an  erect  innige  to  bo  easily 
«)btained  in  most  cases;  Liebreich's  " small  "  ophthalmoscope 
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rand  Oldham's  ophthalmoscope  are  both  very  convenient  forms 
for  such  use,  and  cost  less  than  half  as  mucii  as  the  refraction 
instruments.  Every  ophthalmoscope  case  should  contain  two 
large  "  objective  "  lenses  tor  the  indirect  examination,  focal 
illumination  and  magnifyinp: ;  one  may  be  of  2i,  the  other  3^ 
inches  focus.  For  the  detection  of  incipient  opacities  in  the  lens, 
for  direct  examination  without  Atropine,  and  for  retinoscopy,  a 
plane  mirror  is  very  useful  in  addition  to  the  ordinary  concave 
one.  It  gives  a  weaker  illumination.  Such  a  plane  mirror 
may  be  had  cheaply  as  a  separate  instrument  for  the  waistcoat 
pocket,  but  I  much  prefer  it  and  the  concave  one  for  indirect 
•examination,  mounted  back  to  back  {see  below). 

Of  the  refraction  ophthalmoscopes  there  are  now  a  great 
many  patterns  differing  in  the  number  and  size  of  the  lenses, 
the  size  of  the  mirror  and  lens-bearing  disc,  and  other  details. 
Usually  the  disc  contains  20  to  24  lenses,  and  one  empty  circle. 
In  the  simpler  forms  about  half  the  lenses  are  +  aud  half  — . 
But  in  others  the  number  of  powers  is  immensely  increased  by 
combining  lenses  of  different  strengths,  e.g.  the  disc  may 
contain  24  +  lenses,  whilst  a  single  movable  -  lens,  rather 
stronger  than  the  highest  +  is  placed  behind  the  disc  over  the 
sight-hole;  by  placing  it  opposite  the  sight-liole  and  then 
bringing  the  various  -f-  lenses  over  it  in  succession,  a  series  of 
25  —  powers,  or  49  in  all,  will  be  obtained.  In  order  to  avoid 
the  error  caused  by  looking  obliquely  through  a  lens,  all  the 
better  instruments  {e.g.  Loring's,  Couper's,  Morton's,  and 
others)  are  so  arranged  that  the  mirror  can  be  sufficiently 
inclined  to  receive  the  light,  whilst  the  lens-bearing  disc 
remains  at  right  angles  to  the  observer's  line  of  sight.  Gene- 
rally speaking  the  English  and  American  instruments  are  n)uch 
better  made  than  the  French.  Of  the  simpler  forms  with  only 
one  mirror,  the  one  introduced  by  Dr  Gowers,  and  made  for 
two  guineas  by  Coxeter,  of  Grafton  Street,  W.C.,  is  fairly 
■efficient.  Of  the  more  expensive  forms,  costing  from  three  to 
four  guineas,  several  very  good  ones  have  been  derived  from  an 
early  model  by  Mr  Laidlaw  Purves,  and  are  made  by  Mr  W. 
Ferrier,  5G,  Beresford  Street,  Walworth,  S.E.  The  latest  form 
of  this  instrument,  made  by  Mr  Ferrier  for  myself,  has  3 
mirrors  (2  of  them  back  to  back  in  a  single  ring)  mounted  on  a 
rotating  carriage  like  the  "  nose-piece  "  of  a  microscope  ;  it  is 
extremely  convenient  aud  accurate.  For  the  application  of  the 
"nose-piece"  principle  to  the  ophthalmoscope  we  are  indebted 
to  Mr  Lindsay  Johnson.  Mr  Couper's  aud  Mr  Morton's 
models  (made  by  Pickard  and  Curry,  195,  Great  Portland 
Street,  W.)  are  very  excellent  and  deservedly  popular.  In  a 
good  refraction  ophthalmoscope  the  mirror  should  be  thin  and 
the  sight-hole  perforated;  the  lens-disc  thin  and  working  as 
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closi!  to  llio  l)aok  of  the  mirror  ns  possihle ;  the  lenses  eveuly 
iiiouiited,  foiitred  truly,  either  tlioronf,'hly  covered  up  or  easily 
iieeessihie  for  cleaning,  and  not  less  than  5  unn.  in  diameter. 

4i;.  I'l-ntlMETEliS. 

The  most  convenient  forms  have  an  arranp;cment  for  regis- 
tering the  Held  autoniiiticiilly  on  a  chart  fixed  behind  tlu!  centre 
of  the  arc.  A  very  coni])lete,  hnt  conijilicated  and  exi)ensive 
one,  is  Mcllardy's  (about  £8);  Triestley  Smith's,  much  simpler 
and  clieai)er,  is  for  most  juirposes  as  useful.  (Both  these  are 
made  by  Pickard  and  Curry.)  Blix's  self-registering  peri- 
meter is  well  spoken  of  hy  Dr  JJerry,*  and  may  be  had  front 
Mr  I'l-escott,  ;5;3,  liothian  Jioad,  Edinburgh. 

47.  The  "  ('lock-I'ACE  "  for  testing  astigmatism  (]).  317) 
can  be  had  from  Carpenter  and  Westley,  2i,  Regent  Street, 
Waterloo  I'lace,  and  from  I'ickard  and  Curry. 

48.  The  set  of  Coloured  Wools  recommended  by  Prof. 
Holmgren,  of  IJpsala,  for  testing  colour-blindness,  can  he  ob- 
tained for  about  live  and  sixpence  from  1*.  Dorllel,  Unter  den 
Ijindcn  Ki,  Bc'rlin,  or  from  Curry  and  Paxton. 

In  the  coloured  ])late,  copied  by  permission  from  Prof. 
Holmgren's  work  '  JJe  la  ceeite  des  coulenrs,  &c.,'  1877,  the 
horizontal  stripes  I,  Ila,  and  Ili,  show  the  colours  which  it  is, 
as  a  rule,  most  convenient  to  use  as  tests ;  and  the  short 
vertical  stri])es  are  the  colours  most  likely  to  be  confused  with 
these  by  those  affected  with  the  ordinary  forms  of  colour-blind- 
ness, 'i'hus.  No.  1  will  be  confused  with  one  or  more  of  such 
bull's,  pinks,  &(•.,  as  Nos.  1  to  5 ;  in  slight  degrees  of  colour- 
defect  the  confusions  will  be  limited  to  these  ])ale  colours. 

In  higher  degrees  of  colour-blindness  stronger  or  more 
saturated  colours  will  be  confused;  Il«,  for  example,  or  even 
a  stronger  rose  colour  may  be  confused,  on  the  one  hand,  with 
a  ftdl  blue  or  purple,  Nos.  6  and  7  ;  or,  on  the  other,  with  full 
grey  or  green,  Nos.  8  and  9.  Taking  a  dillerent  series  of 
e(|ually  saturated  colours,  the  scarlet  lib  may  be  confidently 
identified  with  dark  green  or  brown,  Nos.  10  and  11,  or  with 
light  bright  green  and  yellow  brown,  Nos.  12  and  13. 

The  confusion  colours,  Nos.  1  to  13  on  the  plate,  are  given 
merely  as  samples  of  the  colours  most  commonly  confused  with 
the  res])ective  test  colours;  in  ])ractice  a  much  larger  series- 
sliouid  l)e  eni]iloye<l;  the  more  critical  the  ])atient,  the  larger  is 
the  number  of  shades  and  colours  requisite;  even  markedly 
colour-blind  jiersons  do  not  always  match  exactly  the  same 
colours  with  the  tests.    Coloured  worsteds  are  used  because  it 
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is  easier  to  obtain  a  very  large  scries  in  this  material  tlian  iu 
any  other. 

The  manner  in  which  a  eolonr-bliud  person  behaves  will 
often  exeite  suspicion  of  his  defect.  He  will  perliaps  place 
doubtfully  side  by  side  with  I,  such  a  colour  as  No.  2  or  5,  to 
see  whether  or  not  tbey  arc  alike,  and  finally  will  decide  that 
they  are  not  quite  of  the  same  colour,  though  "  rather  alike." 
In  such  cases,  and  again  iu  others,  where  perhaps  the  patient 
does  not  understaiul  what  is  wanted,  the  diagnosis  may  often 
be  made  certain  iu  the  following  manner  : — Take  two  colours 
over  which  the  patient  is  stumbling,  or  on  which  he  cannot 
express  himself,  say  Nos.  Ila  and  a  lighter  shade  of  9,  add  a 
third  of  the  same  dominant  colour  as  9,  but  of  a  markedly 
different  shade,  such  as  10  or  12;  now  ask  iiim  which  pair  is 
more  alike,  Nos.  1I«  and  9,  or  Nos.  9  and  10;  if  he  says  II« 
and  9  arc  more  alike  he  is  colour-blind,  and  is  judging  of  their 
similarity  by  the  shade,  that  is  the  amount  of  white  contained 
in  each  of  them,  and  not  by  their  colour.  It  is  easy  to  vary 
this  test  according  to  the  requirements  of  the  case. 

Another  good  method  is  to  tell  the  patient  to  pick  out  all 
the  skeins  of  one  colour,  say  green,  without  requiring  him  to 
match  them  precisely  with  any  test  skein ;  if  decidedly  colour- 
blind, he  will  conlidcntly  select  not  only  those  which  are  green, 
but  a  number  of  others,  usually  the  grey  ones.  Or  we  may 
say.  Do  you  see  any  green  skeins  among  tliem  ?  If  colour-blind 
he  will  say  No,  or  hesitate,  or  make  the  same  mistakes  as  above. 

A  special  arrangement  of  the  wools,  enabling  a  quick,  ac- 
curate and  uniform  record  of  colour  perception  to  bo  made,  has 
been  designed  by  Dr  Wm.  Thomson,  of  Philadelphia  ('  Trans. 
Amer.  Oplith.  Soc.,'  1880,  p.  142). 

Of  the  many  other  tests  for  colour-blindness  the  following 
may  be  mentioned : 

Stilling's  Tables  (to  be  obtained  through  Williams  and  Nor- 
gate)  consist  of  coloured  letters  or  patterns  printed  on  a  ground- 
work of  one  of  the  "  confusion  colours."  They  are  preferred 
by  some  to  Holmgren's  wools. 

Bonders'  method  determines  the  colour-sense  (or  colour-defe(-t) 
quantitatively  by  means  of  a  light  of  known  intensity,  which 
passes  through  a.]iertures  filled  by  differently  coloured  glasses; 
these  arc  recognised  at  a  specified  distance  if  the  colour-sense 
is  normal. 

Mr  Jeaffrcsou  (of  Newcastle)  has  lately  constructed  an  in- 
genious ajjparatus  in  which  the  coloured  wools,  fixed  in  radii 
upon  a  rotating  disc,  can  be  successively  brought  opposite  to 
stationary  patches  of  the  respective  confusion  colours,  which 
are  placed  just  l)cyond  the  cireunifercnec  of  the  disc  ('  Lancet,' 
,      July  I7tli,'l88(i). 
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Bull  (of  Cliristiaiiia)  lias  introduced  a  quantitative  test, 
l)ased  upon  the  smallest  amount  of  colour  wliioli,  mixed  with 
fjfrey,  can  be  recof,''niB('d  by  the  normal  eye  (to  bo  obtained  from 
Triibuer  and  Co.).  Rows  of  coloured  spots,  those  in  each  row 
<;ontaining  a  dillerent  ({uantity  of  grey,  are  painted  in  oil  eoloui's 
on  a  black  background.  The  normal  eye  will  distinguish  the 
.colours  even  in  the  greyest  row  ;  the  colour-blind  will,  accord- 
ing to  the  degree  of  defect,  confuse  complementary  colours  in 
some,  or  all  of  the  rows.  I  find  Bull's  tables  very  useful,  but 
like  all  painted  and  lithographed  surfaces  they  reflect  too  much 
light,  and  thus,  unless  held  exactly  in  the  right  ])osition,  they 
•flliine  and  their  colour  is  altered.  Unless  very  carefully  used 
Bull's  and  JeafEreson's  tests  are,  I  think,  less  trustworthy  than 
A  good  set  of  wools. 

The  regulations  as  to  vision  applicable  to  candidates  for 
Admission  to  the  various  public  services  at  home  and  in  India 
lire  fully  set  forth  in  a  pamphlet  on  this  subject  lately  compiled 
by  Sir  Joseph  Fayrer  with  the  assistance  of  Mr  ("ouper  and 
Mr  C.  Macnainara,  and  published  by  Churchill,  11,  New 
Burlington  Street. 


An  explanation  of  the  coloured  plate  is  given  on 
p.  442 ;  it  is  not  intended  to  be  used  as  a  test,  but 
■only  as  an  illustration  of  the  colours  commonly 
■confused . 
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Abbreviations,  1 
Aberratiou,  chromatic,  37 

—  spherical,  5 

Abrasion  of  cornea,  106,  154 
Abscess  of  cornea,  107 

—  episcleral,  138 

—  of  lacrimal  gland,  289 
 sac,  76,  78 

—  orbital,  288 
Abscission  of  eyeball,  371 
Accommodation,  errors,  296 

—  examination,  25 

—  in  myopia,  297 

—  influence  of  age  upon,  331 

—  paralysis  of,  346 

—  region  and  range  of,  331 

—  relative,  26 

—  spasm  of,  300 
Accommodative  asthenopia,  244, 

313 

Action  of  drugs  on  iris  and 
ciliary  muscle,  344 

Acuteness  of  sight,  24 

Advancement  of  muscle,  opera- 
tion for,  369 

 Tenon's  capsule,  370 

Albinism,  196 

Albuminuric  retinitis,  202,  210, 
407 

Alcohol,  amblyopia,  405 
Amaurosis,  233 

—  single,  234 
Amblyopia,  235 

—  alcohol,  '1-05 

—  bisulphide  of  carbon  in,  406 

—  central,  238 

—  congenital,  235 


Amblyopia,  diabetic,  408 

—  from  defective  retinal  images,. 

237 

—  —  injury  to  one  eye,  245 
 suppression    of  images, 

235 

— ■  hereditary,  240 

—  hysterical,  243 

—  in  ametropia,  237 

—  potatorum,  405 

—  quinine,  407 

—  tobacco,  240,  405 
Ametrop\a,{ant/ permanent  error 

in  refraction  of  the  eye'), 
296 

Amyloid  of  conjunctiva,  97 
Anaemia,   pernicious,   eye  dis- 
eases in,  409 
Anffisthesia  in  ophthalmic  sur- 
gery, 394 

—  of  re'tina,  243 
Angle  of  incidence,  2 
 emergence,  2 

—  visual,  12 

—  a,  34 

Au-iso-metropia  {unequal  re- 
fraction in  the  two  eyes), 
328 

Anterior  chamber,  foreign  bodv 

in,  374 
 paracentesis,  374 

—  focus  of  eye,  13 

—  polar  cataract,  166 

—  staphyloma,  140 
Apparent  size  of  objects,  37 
Aqueous,  turbidity  of,  126 
Arcus,  inflammatory,  123 
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Arcus  senilis,  123 
Argyll    Robertson's  symptom, 
420 

Arlt's  operation  for  entropion, 
355 

Arterial  pulsation,  1-09 
Artificial  eye,  371 

—  pnpil,  377 

- —  vitreous,  372 

Asthenia  rclinrs,  21-1 

Asthenopia  (weakness  of  eyes  ; 
any  condilion  in  which  the 
eyes  cannot,  lie  used  for  long 
toqether), 

—  accomuKxlative,  244,  313 
• —  musenlar,  244,  337 
Astigmatism,  319 

—  after  extraction  of  cataract 

and  iridectomy,  178,  321 

—  causes  of,  321 

. —  clock-face  lor,  325 

—  detection  of,  55,  62 

—  irregular,  321 

• —  methods  of  testing,  324 
■ —  principal  meridian,  320 

—  regular,  321 

—  traumatic,  154 

—  visual  acuteness  in,  328 
Atrophy  of  choroid,  184,  187 
 in  myopia,  304 

—  optic    (see    also  Neuritis), 

229 

.  after  embolism,  215 

 neuritis,  225 

 in-hital  cellulitis,  425 

 clinical  aspects  of,  230 

.  fields  of  vision  in,  232 

 Worn  pressure,  230 

 in  ataxy,  233,  419 

 hydrocephalus,  230, 

419 

 post-pa])illitic,  225 

 primary,  230,  419 

 prognosis  in,  232 

•  progressive,  230,  419 

 pupils  in,  231 

.  sight  in,  230 


Atrophy,  optic,  unioi'ular,  234 

•  varieties  of,  230 

Atrojiiiu',  action  on  healthy  eye, 
20,  27,  136 

—  cd'ect  on  tension,  430 

—  in  cataract,  1  73 

— ' —  corneal  ulcers,  110,  113 

—  - —  ghuicouia,  2U9 
 iritis,  133 

—  irritation,  97 
Axial  myopia,  297 
Axis,  ojjtic,  34 

—  jn'incipal,  of  a  lens,  4 

—  secondary,  of  a  lens,  4 

—  vismil,  of  eye,  J  3,  34 

Badal's  o^ieration,  372 
IJaudages,  439 

—  after     cataract  operations, 

3;  10 

 excision  of  eye,  370 

—  in  iritis,  134 

 ophthalmia,  85 

 ulcers  of  cornea,  112 

Basedow's  disease,  424 
Binocular  field  of  vision,  22 
Bisulphide  of  carbon,  amblyopia 

from,  406 
Black  eye,  287 

Blenorrlio}a  of  conjunctiva,  79 
Blepharitis,  G6 

—  treatment  of,  68 
Blepharoplasty,  358 
]51epharospasm,  102 
Blindness  of  one  eye,  undis- 
covered, 237 

Blinking,  in  hypermetropia,  313 
Blood  in  A.  C!,  126,  152 

 vitreous,  255 

Blood-vessels  of  choroid,  184 

 eye,  external,  28 

 retina,  50,  198 

IMows  on  the  ej'c,  152 
Bone  in  eye,  20 
Bony  tumour  of  lid,  279 
Brain  [see  Cerebral) 
Ihdlcr's  shield,  81 
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33uphtlmlmos,  122 
Ikirns  of  eye,  155 
Burow's  operation,  354 

•Canaliculus,  diseases  of,  75 

—  operations,  361 
■Cancer,  rodent,  71 
■Cantlioplasty,  360 
Cauthotomy,  110 
Capsulo-pupillary  membrane, 

135 
■Cataract,  162 

—  artificial  maturation  of,  175 

—  atropine  in,  173 

—  cause  of,  163 

—  concussion,  180 

—  congenital,  171 

—  consistence  of,  162 

—  cortical,  163,  169 

—  diabetic,  408 

—  diagnosis,  167 

—  discission,  173,  392 

—  dotted  cortical,  164 

—  extraction,  173,  383 

■ — •  —  after  operations,  178 

 causes  of  failure,  176 

 liistory,  389 

 iritis  after,  177 

 suppuration  after,  176 

—  forms  of  general,  163 

—  glasses,  179 

—  hard,  103 

—  immature,  168 

—  in  myopia,  172,  305 

—  lamellar,  164,  169,  179,  426 

—  mature,  167 

—  mixed,  163 

—  Morgagiii:in,  172 

—  nuclear,  1 63 

—  operations,  173,  383 

—  over-ripe,  172 

—  polar,  anterior,  166 
 posterior,  166,  169 

—  primary,  167 

—  prognosis,  171 

—  pyramidal,  165 

—  ripening  of,  175 


Cataract,  secondary,  167 

—  senile,  1  63 

—  sight  after  removal,  172, 178 

—  soft,  164 

—  solution,  173,  392 

—  suction,  173 

—  symptoms,  167 

—  traumatic,  157,  180 

—  treatment,  173 

—  zonular  (see  LamcUifr) 
Catarrhal  ophthalmia,  S4 
Caustics,  injuries  by,  155 
Cavernous  sinus,  tliroinbosis  of, 

289 

Cellulitis  of  orbit,  288,  425 
Central  choroiditis,  193 

—  nervous  system,  eye  diseases, 

416 

—  scotoma,  239,  •J,09 
Centre  of  rotation  of  eyo,  13 
Cerebral    tumour,   neuritis  in, 

227.  417 

—  syphilis,  neuritis  in,  417 
Cerebritis,  neuritis  in,  419 
Cerebro-spinal  meningitis,  eyo 

diseases,  403 
Chalazion,  69 

Chancre  on  conjunctiva,  72 

—  on  eyelids,  72,  397 
Chemosis,  80 
Cherry-red  spot,  214 
Chicken-pox,  eyo  disease,  403 
Chloride  of  zinc  paste,  d32 
Cholcsterin  in  vitreous,  254 
Chorio-caiiillaris,  183 
Choroid,  appearances  in  disease, 

184 

 albinism,  196 

—  atrophy  of,  181' 

—  colloid"  of,  189 

—  colobonui  of,  196 

—  congestion  of,  196 

—  diseases  of,  182 

—  ha!inorrliiiges  in,  189 

—  healthy,  183 

—  lamina  elnstica,  189 

—  myo])ic  changes,  192 
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Choi'oid,  i)a;vus  of,  295 

—  rupture,  luii.  188 

—  sarcoma,  282 

—  tuberclf,  188,  195,  410 

—  vessels  of,  50 

Choroidal  atrophy  in  niyopiaj 
192,  301 

—  disease  with  cataract,  195 

—  exudaiioii,  187 

—  hajniorrliages,  189,  304 

 •  results,  195 

Choroiditic  atrophy  .of  disc,  191 
Choroiditis,  auomalous  forms  of, 

195 

—  anterior,  139 

—  central  guttate,  194 
• — •  —  senile,  193 

—  disseminata,  190 

—  hcemorrhagica,  195 

—  in  hydrocephalus,  419 
 myopiii,  192 

—  senile,  193 

—  superficial,  187 

—  syphilitica,  188 
Ciliary  arteries,  28 

—  body,  sarcoma  of,  282 

—  congestion,  29,  125 

—  muscle  in  astigmatism,  323 

 myopia,  300,  305 

 paralysis  of,  153,  347,  401 

—  region,  diseases  of,  137 
Circumcoriieal  zone,  29,  125 
Clear  sight,  optical  condition8,14 
Cocain,  434 

Cold  in  iritis,  134 

Coloboma  of  choroid  {congenital 

cleft  in  choroid),  19G 
 iris  (cleftiniris,  congenital 

or  the  result  of  iridectomy), 

135 

Colour-blindness,  249 

 in  atrophy,  232 

 tests  for,  442 

—  perception,  testing,  23 
Coloured  vision,  247 
Colours,  fields  of  vision  for,  22, 

250 


"  Commotio  retines,"  154 
Congenital  abseuce  of  iris,  13S 

—  cataract,  171 

—  coloboma,  135,  196 

—  dermoid  cysts,  295 
 tumour,  278 

—  dislocation  of  lens,  181 

—  fibro-fatty  growths,  27(> 

—  irideremia,  135 

—  ptosis,  73 

Congestion,  choroidal,  19G 

—  ciliary,  30 

—  circumcorneal,  29 

—  conjunctival,  31 

—  episcleral,  31 

—  in  iritis,  125 

—  of  optic  disc,  222 
 retina,  201 

—  varieties  of,  28 
Conjunctiva,  amyloid  of,  97 

—  burns  of,  155 

—  caulifiower  warts  of,  277 

—  diseases,  79 

—  lupus  of,  277 

—  nitrate  of  silver  staining  of, 

124 

—  primary  shrinking  of,  98 

—  tubercle  of,  277 

—  tumours  of,  277 
Conjunctivitis  (see  Ophthalmia) 
Contagion,  conjunctival,  79,  84 
Convergent   squint  (see  Stra- 
bismus) 

Convulsions  and  lamellar  cata- 
ract, 422 
Coredialysis,  152 
Cornea,  abrasion,  106,  154 

—  abscess,  107 

—  burns,  155 

—  conical,  115 

 operations  for,  375 

—  diseases  of,  100 

—  fluorescence  of,  101 

—  focal  length  of,  13 

—  foreign  body  in,  154 

—  ground  glass,  101 
1  —  herpes  of,  103 
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Cornea,  inflammation  of,  100 

—  inspection  of,  19 

—  irregularity  of  sm-face  of,  19 

—  lead  deposit,  123 

—  operations,  373 

—  removal  of   foreign  bodies 

from,  373 

—  steaminess,  100,  122 

—  transplantation  of,  102 

—  transverse   calcareous  film, 

122 

—  tubercle  of,  286 

—  ulceration,  81,  100 
 atropine  in,  113 

—  —  cauterisation  of,  375 

 creseentic,  106 

 dendritic,  109 

 eserine  in,  113 

 fomentations,  112 

 from  exposure,  114 

■  infective,  106 

 in  meningitis,  114 

 paracentesis,  112 

 phlyctenular,  103 

 section  for,  112 

— •  —  serpiginous,  106 

 seton  for.  111 

 suppurating,  107 

 treatment,  109 

 varieties  of,  103 

 vascular  recurrent,  105 

Crescents  in  astigmatism,  103 

 myopia,  193,  304 

Critchett's  operation  for  squint, 
367 

Crystalline  lens,  spherical  aber- 
ration of,  5,  14 

 focal  length  of,  13 

Cucain,  434 

Cup,  physiological,  48 

—  in  glaucoma,  202 
Cutaneous  horn,  70 
Cyclitis,  141 

—  suppurative,  143 

—  syphilitic,  398 

—  traumatic,  143 
Cyclo-iritis  {see  Sclero-) 


Cyclo-keratitis  (see  Sclero-) 
Cycloplegia  {paralysis  of  ciliary 
muscle),  153,  346,  401 

—  diphtheritic,  401 
Cysticercus  cellnlosaj,  255,  415 
Cystic  tumours  in  lids  andorbity 

293 

Cysts  of  conjunctiva,  278,  279 

 iris,  285 

 margins  of  lids,  70 

Dacryo-cystitis,  chronic  {inflam- 
mation of  lacrimal  sac),  7S 

Dacryo-litlis,  75 

Dacryops,  279 

"  Dangerous  zone,"  145 

Daturin,  437 

Day-blindness,  247 

Decentred  lens,  10 

Delirium  after  eye  operations, 
390 

Dermoid  cysts  of  eyebrow,  296' 

—  tumour  of  eyeball,  278 
Detachment  of  retina,  206 

 in  myopia,  305 

Diabetes,  eye  diseases  in,  408- 
Diabetic  amblyopia,  409 

—  cataract,  408 

—  retinitis,  408 
Dioptre,  15 

Dioptric  system  of  spectacle 
lenses,  15 

Diphtheria,  eye  disease,  401 

Diphtheritic  paralysis  of  accom- 
modation, 401 

—  recti  muscles,  401 

—  ophthalmia,  86,  401 
Diplopia   {see  also  Strabismus 

and  Paralysis),  35,  332,  333: 

—  binocular,  35 

—  chart,  341 

—  crossed,  335 

—  examination,  36 

—  homonymous,  315,  335 

—  uniocular,  35 

Direct  examination,  42,  51 
Discission  of  cataract,  173,  3!)2 

29 
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Disloc.iLioii  of  Ilmis,  15-t,  181 
DisstMiiiiiafced  clioroiilitis,  1!I0 

—  nfleros'iH,  eye  diseases  in,  422 
])isti(-lii:t8iK,  1)4' 

Double  siirlit,  35 

l)nif»'«,  notion  on  ciliiiry  muscle 

and  iris,  •iH 
Duboisin,  ■l'.i7 

Kccliyniosis    in  catarrhal  opli- 
tliahnia,  HI. 

—  of  eyelids,  287 
Ecliinococcns,  415 
Ectropion,  optsrations  for,  357 
Kc/.ema,  marginal,  (>7 
Embolism  of  eye  in  pyieniia,  404 

—  • —  central  artery,  214 
Emmctropia,  2'M'> 
Empliysenia  of  orbit,  287 
J'Indemic  nyotalo])ia,  240 
Eno])]itlialmos,  287 
Eiitozoa  in  eye,  415 
Entropion,  organic,  04,  35.'J 

—  ojjerations  for,  352 

—  spasmodic,  352 
Epicantlius,  73 
Epilation,  ()8,  351 
Epipliora,  67,  74 
Episcleritis,  137,  279 
Epithelioma  of  conjunctiva,  279 
•'  Erect  image,"  42 
Erysipelas   of   face,  blindness 

from,  425 
Krytliropsia,  247 
Eserine,  438 

—  action  on  healtiiy  eye,  438 

—  in  glaucoma,  270,  438 

 mydriasis,  43(; 

 ulcers  of  cornea,  113 

Eversion  of  n]>per  lid,  351 
Evisceration,  372 
Examination,  focal,  39 

— •  of  blood-vessels  of  eye,  28 

—  —  colour  perception,  23,  250 
 cornea,  1!) 

 eye,  external,  10 

 Held  of  vision,  20 


Mxamination  of  mobility  of  eye 
1  (field  of  fixation),  32 

 pnpils,  2(5 

 refraction  of  eye,  53 

 tension,  10 

—  .ophthalmosco])ic,  41 

 direct,  42,  45 

 indirect,  41,  45 

Excision  of  eye,  370 

 in  sympathetic  <liseasc, 

14G,  140 

j  rules  for,  1 57,  276,  286 

1  Exclusion  of  i)ii]iil,  128 
Exo))hthalmic  goitre,  424 
Exophthalmos,  pulsating,  292 
I  Exostoses,  ivory,  of  orbit,  202 
Extraction    of    cataract  {.lee 

Cataract) 
Eye  disease  in  relation  to  gene- 
ral diseases,  307 

—  protrusion  of,  37 

—  refracting  surfaces  of,  12 
Eyeball,  foreign  bodies  in,  158 
Eyelids,  diseases  of,  66 

—  tooth  in,  270 

—  tumours,  277 

 bony,  279 

 fibrous,  279 

—  wounds  of,  200 

Facial  nerve,  paralysis  of,  424 
"  False  image,"  36,  340 
"  Far  point,"  25 
Feigned  blindness,  12,  248 
Fibro-fatty  growth,  270 
Field  of  fixation,  32 

 vision,  20 

Fifth  nerve  paralysis,  423 
Filtration  scar,  272 
Flap  extraction,  388 
Flittering  scotoma,  415 
Focal  illumination,  39 

—  interval,  321 

Focus,  anterior,  of  eye,  13 

—  conjugate,  of  a  lens,  (! 

—  principal,  of  a  lens,  5 
i  —  virtual,  of  a  lens,  6 
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Foreign  body  iu  eye,  158 

 orbit,  290 

 ou  Cornell,  154 

Forster's  operation,  175 
Fourth  nerve  paralysis,  340,  347 
Fovea  centralis,  50,  199 
Fracture  of  orbit.  287,  290 
Frontal  sinus,  distension  of,  291 
Functional  disorders  of  sight, 
235 

Fundus,  central  region  of,  50 

—  of  eye,  examination  of,  45 

— ■  definition,  43 

Fungus  in  canaliculus,  75 
Fusion  power  of  ocular  muscles, 

11 

Oelatinous  exudation  in  anterior 
chamber,  127 

General  diseases  causing  eye  dis- 
ease, 397 

—  paralysis  of  insane,  eye  dis- 

eases, 420 
Giddiness  from  ocular  paralysis, 
342 

Glasses,  protective,  440 

—  (see  Spectacles) 
Glaucoma,  257 

—  absolute,  261 

—  acute,  2G0 

—  after  extraction  of  cataract, 

275 

—  atropine  in,  269 

—  causHS,  269 

—  chronic,  258 

—  cornea  in,  122,  260 

—  cupping,  262 

—  eserine  in,  270 

—  field  of  vision  in,  260 

—  hffimorrhagic,  276 

—  "  infianimatory,"  259 

—  malignum,  275 

■ —  mechanism,  265 

—  neuralgia  preceding,  269 

—  operations,  270,  377 

—  premonitory  stnge,  258 

—  primary,  257 


Glaucoma,  prognosis,  273 

—  remittent,  260 

—  sclerotomy,  271 

—  secondary,  130,  257,  275 

 to  anterior  synechia,  275 

 cataract  extraction,  275 

 dislocation  of  lens,  181, 

275 

 posterior  synechia,  130, 

141,  275 
 sympathetic  iritis,  147, 

275 

 tumour,  276,  284 

—  second  operation,  274 

—  simplex,  259 

—  subacute,  259 

—  theory  of  iridectomy,  270 

—  treatment,  270 

—  vitreous  humour  in,  265 
Glioma  of  retina,  280 
Goitre,  exophthalmic,  424 
Gonorrhoeal  ophthalmia,  79 

—  rheumatic  iritis,  412 
Gout,  eye  diseases,  41.3 

—  cyclitis,  142,  414 

—  iritis,  131,  413 

Graefe's  operation  for  squint, 

365 
Grafting,  359 
Granular  lids,  88 

—  ophthalmia,  88 

 results,  93 

Granuloma  of  iris,  285 
Graves's  disease  {see  Goitre) 
Gummatous  sclerotitis,  139 

—  tarsitis,  277 
Gunshot  injuries,  156,  291 

Haemorrhage  after  extraction, 
176 

—  choroidal,  152, 185, 189, 196, 

304 

—  conjunctival,  84 

—  in  iritis,  126 

 rerial  retinitis,  203 

—  into  anterior  chamber,  126, 
I  153 
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Hamiorrliage  into  optic  nerve, 
215 

 vitreous,  153,  253,  255 

— :  intraocular,  152 

—  orbital,  287 

—  retinal,  204,  213,  404,  409 
 in  blood  diseases,  404 

—  secondary,  alter  iridectomy, 

382 

 causing  glaucoma,  276 

Hard  cataract,  163 
Heart  disease,  eye  diseases  in, 
409 

Heineralopia  {day-blindness), 
247 

Hemianopia,  241,  419 
Hereditary  amblyopiii,  240 

—  disease  of  retina,  218 

—  gout,  eye  diseases,  413 

—  sypliilis,  eye.  diseases,  399 
Herpes  of  conjunctiva,  85 
 cornea,  103 

—  zoster,  eye  diseases,  423 
Homatropine,  437 
Homonymous  diplopia  {see  Di- 
plopia) 

Hyalitis  {inflammation  of  vitre- 
ous) {see  Vitreous) 

Hydatid  of  orbit,  293 

Hydrocephalus,  eye  diseases, 
419 

Hydroplithalmos,  122 
Hypersesthesia  of  retina,  243 
Hypermetropia,  310 

—  acquired,  312 

—  axial,  310 

—  haze  of  disc,  201 

—  tests  for,  317 

Hyphajma  {blood  in  lower  part 
of  anterior  chamber),  126 

Hypopyon  (p?<s  in  lotver  part  of 
anterior  chamber),  107,  126 

—  ulcer,  corneal  section,  374 
Hysterical  amblyopia,  243 
 from  injury  to  one  eye, 

243 

—  ocular  paralysis,  348 


Ice-blindness,  246 
Idiopathic  plithisis  bulbi,  143 
Image  formed  by  lenses,  7 

—  retinal,  size  of,  37 

 of  inE.,H.,andMy.,13 

 influence  of  lenses  on,  13 

Indirect  examination,  41,  45 
Infra-trocblear  nerve,  stretch- 
ing, 372 
Injuries  of  eyeball,  151 

 orbit,  287 

Insufficiency,  muscular,  300 
Intraocular  tumours,  280 

—  bsemorrhiigo    {see  Hajmor- 

rhage) 

"Inverted  image,"  41 

Iodoform  in  purulent  ophthal- 
mia, 82 

Iridectomy,  379 

—  distortion  of  image  after,  14 

—  exciting  glaucoma  in  other 

eye,  269 

—  in  cataract  extraction,  385 

 corneal  opiicity,  377 

 ulcer,  113 

 glaucoma,  270,  377 

 iritis,  134 

Irideremin,  congenital,  135 
Irido-clioroiditis,  141 
 plastic,  132 

—  -cyclitis,  143 

 traumatic,  143 

Iridodesis,  378 

Iridoplegia  {paralysis  of  iris), 
346 

—  reflex,  346,  .420 
Iridotomy,  378 
Iris,  absence  of,  135 

—  coloboma,  135 

—  colour,  28,  126 
I  —  cysts,  285 

—  difl'used  sarcoma  of,  285 

—  diseases,  125 

—  epithelial  tumour,  285 

—  granuloma,  285 

)  —  normal  action  of,  343 
I  —  operations,  376 
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Iris,  paralysis,  153,  346 

—  tremulous,  152 

—  tubercle,  285 

—  tumours,  285 

—  vessels  of,  127 

—  wounds  of,  157 
Iritis,  125 

—  after  extraction,  177 

—  atropine  in,  133 

—  causes  of,  131 

—  chronic,  132 

—  cold  in,  134 

—  gelatinous  exudation,  127 

—  glaucoma  secondary  to,  130, 

147 

—  gonorrhojo-rheumatio,  412 

—  gouty,  131,  413 

—  heat  in,  133 

—  heredito-gouty,  131,  413 

—  hypopyon,  126 

—  in  corneal  ulcer,  106,  132 
 diabetes,  408 

 interstitial  keratitis,  119 

—  iridectomy,  134 

—  leeches  in,  134 

—  pain  in,  129 

—  paracentesis,  133 

—  plastic,  132,  147,  177 

—  pupil  iia,  127 

—  recurrent,  131 

—  results,  129 

—  rheumatic,  131,  411 

—  serous,  129,  141 

—  suppurative,  126,  143,  176 

—  sympathetic,  146 

—  syphilitic,  131 

—  tension  in,  127 

—  traumatic,  135,  143 

—  treatment,  1 33 

—  with  nodules,  126,  131 
Iritomy,  378 

Irritation,  sympathetic,  146 

Ischamia  retina,  216 
Ivory  exostosis,  292 

Jequirity,  439 

—  in  trachoma,  95 


Keratitis,  diffuse,  115 

—  interstitial,  115,  400 
 iritis  in,  119 

—  marginal,  103,  118 

—  parenchymatous,  115 

—  punctata,  121,  141,  147 

—  secondary  forms,  121 

—  strumous,  103,  115 

—  syphilitic,  115,  398,  400 
Kerato-malacia,  114 
Keratoscopy,  57 

Kidney  disease,  eye  diseases  in, 
407 


Lacrimal    apparatus,  diseases 
74 

—  canaliculi,  diseases,  75 

—  conjunctivitis,  77,  96 

—  gland,  diseases,  289 

 abscess,  76,  289 

 tumours  of,  294 

—  obstruction,  75 

—  puncta,  alterations,  74 

—  sac  diseases,  76,  362 
 abscess,  76 

—  stricture,  75,  363 

 treatment  of,  77 

Lacrimation,  74 

Lamellar  cataract,  169,  179 

 treatment,  179 

 and  convulsions,  422 

Lamina  cribrosa,  48,  229 
Lateral  sclerosis,  eye  diseases, 

419 

Lead  opacity  of  cornea,  123 

—  poisoning,  eye  diseases,  405 
Lebrun's  extraction,  388 
Leeches  in  iritis,  133 

 purulent  ophthalmia,  82 

Lens,  axes  of,  4 

—  concave,  4 

—  convex,  4 

—  crystalline,  changes  preceding 

cataract,  164 

 dislocation,  154,  181 

 examination,  40 
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IjCus,  crystalline,  inyopin  due  to 

chiiiigcs  ii),  310 
 senile  chiinges,  102 

—  definition,  ',i 

—  equator  of,  1(>3 

—  (bci  of,  6 

—  imafjos  formed  by,  7 

—  refraction  by,  4 

—  refractive  power  of,  f 

—  signs  for  convex  and  concave, 

J6 

—  8])heri('al  aberration,  5 
Lenses,  numeration  of,  15 

—  decentering  of,  10 

—  table      of     K])ectacle,  in 

dioptres  and  inches,  17 

Leprosy,  eye  dise.ise  in,  415 

Jie\icocytlia;min,  eye  diseases  in, 
40!) 

Leucoma,  101 

Lice  on  eyelasbes,  71 

Liebreicb's  operation,  strabis- 
mus, 368 

Ligbt,  effect  of  intense,  218 

Limeburn,  155 

Linear  extrac^tion,  380 

Lippitudo,  fi7 

Locomotor  ataxy,  cycloplegia, 
420 

 diplopia,  420 

 iridoplegia,  346,  420 

 optic  atrophy,  233,  419 

Lupus,  277 

—  conjunctival,  277 

Macula  lutea,  50,  199 

Magnet   for  removal   of  iron 

chips,  158 
Malarial  fever,  eye  diseases,  403 
Malignant    tumours    {see  Tu- 
mours) 
Malingering,  1 1,  248 
Marginal  keratitis,  103,  118 
Measles,  eye  diseases,  402 
Megalopsia,  247 
AFegrim,  eye  syniptoms,  415 
Meibomian  concretions,  70 


Meiliomian  cyst,  09,  351 
Membranous    ophthalmia,  86, 
401 

Meningitis,  after  excision,  372 

—  epidemic  cerebro-spinal,  eye 

diseases,  403 

—  ocular  paralysis,  347 

—  optic  neuritis,  418 

—  recovery  with  optic  atrophy, 

418 

—  syphilitic,  417 

—  tuberodar,  411,  418 

■ —  ulceration  of  cornea  in,  114 
Mercurial  teetb,  420 
Metastatic  growths,  282 
Micrococcus  of  trachoma,  91 

 purulent  ophthalmia,  80 

Micro])sia,  247 

Miosis  {persistent  contraction 
of  pujJil),  424 

—  in  spinal  disease,  420 

—  paralytic,  345 
Miotics,  action  of,  438 
Mobility  of  eye,  examination, 

32 

 in  myopia,  32,  299 

Molluscum  contagiosum,  70 
Moon-blindness,  246 
Morgagnian  cataract,  172 
Mucocele,  76 

Muco-purulent  ophthalmia,  84 
Mules'  operation,  372 
Mumps,  eye  diseases,  402 
MusccE  volitanies,  247,  300 
Muscular  asthenopia,  244,  300 
Mydriasis  {persistent  dilatation 
of  pupil),  paralytic,  348 

—  traumatic,  153 
Mydriatics,  action,  436 
Myopia,  297 

—  accommodation,  297 

—  axial,  297 

—  causes,  305 

—  choroidal  changes,  198,  304 

—  complications,  300 

—  crescent,  193 

—  examination,  300 
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Myopia  IVoin  conical  cornen,  310 

—  —  incipient  cataract,  310 

—  of  curvature,  309 

—  retinal  images  in,  13,  299 

—  spectacles,  307 

—  strabismus  in,  299 

—  syniptoius,  299 

—  tests  for,  300 

—  ti'aumatic,  lot 

—  treatment,  306 

Na)vus  of  lids  and  conjunctiva, 
294 

Nasal  duct,  diseases  of,  75 

 proljing,  77,  362 

" Near  point,"  25 
Nebula,  101 

Nerve,  facial,  paralysis,  424 

—  fifth,  paralysis,  423 

—  fourth,  paralysis,  340,  347 

—  optic,  inllamniation  (see  Neu- 

ritis) 

—  —  atrophy  (see  Atrophy) 

—  sixth,  paralysis,  339,  347,  421 

—  sympathetic,  paralysis,  424 

—  third,  paralysis,  341,  421 
Nerve-fibres,  optic,  opaque,  200 
Neuralgia,  eye  syrcptoms,  416 

—  preccdiui^     glaucoma,  269, 

416 

 neuritis,  4l(; 

Neuritis,  optic,  appearances,  222 

 axial,  241 

 descending,  220 

 etiology,  227 

 in  cerebral  tumour,  417 

 cerebritis,  419 

 lead-jioisoning,  228 

 meningitis,  418 

 syphilitic    brain  dis- 
ease, 228,  417 
 loss  of  l)lood  in,  228,  399 

—  —  patiiology,  221 

 ))upils  in,  228 

 rctro-ocuhir,  228,  238 

 sight  in,  225 

Neni'O-rctinitis,  226 


Neurotomy,  optico-ciliary,  371 
Night-blindness,  191 

—  functional,  246 

Nitrate  of  silver  in  corneal  ulcer, 
110 

 ophthalmia,  82,  84, 

85 

 staining  conjunctiva, 

124 

Nodal  point  of  eye,  12 
Nyctalopia  {»iffhi-bU)id)iess),Wl 
j  —  endemic,  246 
Nystagmus,  349 

—  in  disseminated  sclerosis,  350 

—  miners',  350 

Objects,  apparent  size  of,  37 
Oblique  illumination,  39 
Occlusion  of  puj)il,  128 
Ocular  paralysis,  causes,  347 

—  (see  also  Paralysis) 
Onyx, 108 

Opaque  optic  nerve-nbres,  200 
Operation  for  abscess  of  orbit, 
288 

 abscission  of  eye,  371 

 artificial  pupil,  377 

 caiithoplasty,  3(iO 

 cataract,  173,  383 

 causes  of  failure,  176 

 extraction,  381 

— •  modified  linear,  386 

 needling,  392 

 old  fla]i,  387 

 short  flap,  387 

 simple  linear,  386 

 solution,  392 

 suction,  393 

 conical  cornea,  375 

 distended   frontal  sinus, 

292 

 division  of  caiithiis,  11() 

  ectropion,  357 

 cntro])ion,  organic,  353 

 spasmodic,  352 

 epilation,  351 

 ■  cversion  of  eyelids,  351 
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•Operation  for  evisctinitiou  of  ' 
eyeball,  372  ' 

— •  —  excision  oF  eye,  370  i 

 foreign  body  on  coruen,  ! 

373  '. 

 inspection  of  cornea  in  i 

photophobia,  352 

 iridectomy,  379 

 iridodesis,  378 

 iridotoiny,  378 

—  —  lacrimal  abscess,  7G 

 stricture,  3G3 

 Meibomian  (^yst,  351 

 parncentesis  of  anterior 

chamber,  374 

 peritomy,  360 

 ptosis,  359 

 readjustment,  369 

 sclerotomy,  382 

 slitting  canaliculus,  361 

 strabismus,  365,  369 

 stretching  infra-trochlenr 

nerve,  372 

 symblepharon,  361 

 trichiasis,  353 

Operations,  351 

—  lacrimal,  361 

—  on  cornea,  373 

 eyelids,  351 

 iris,  376 

Ophthalmia,  79 

—  after  exanthems,  85 

—  catarrhal,  84 

—  chi'onic,  96 

—  croupous,  86 

—  diphtheritic,  86,  401 

—  follicular,  90 

—  from  atropine,  98 

 cold,  86 

 drugs,  97 

 eserine,  98 

 irritants,  86 

—  gonorrhoeal,  79 

—  granular,  88 

 results  of,  93 

 treatment  of,  92 

—  impetiginous,  86 


Ophthalmia  in  eczema,  86 

 erysipelas,  86 

 herpes  zoster,  86,  423 

—  margfinal,  105 

—  mcmbriinous,  86,  401 

—  muco-purulent,  84 

—  neo-natorum,  79 
 prevention  of,  84 

—  palpebral,  98 

—  phlyctenular,  103 

—  purulent,  79 
 treatment  of,  82 

—  pustular,  103 

—  rheumatic,  86,  411 

—  strumous,  103 

—  tarsi,  66 

Ophthalmitis,  sympathetic,  146 
Ophthalmoplegia  externa,  342, 
421 

—  interna,  347 
Ophthalmoscope,  410 

—  how  to  use,  43 

—  refraction,  56 
Ophthalmoscopic  examination, 

40 

 direct  metiiod,  42,  53 

 in  myopia,  53 

— •  —  indirect  method,  41,  45 
Optic  disc,  atrophy,  229,  419 

 congestion,  222 

 healthy,  47 

 physiological  cup,  48 

—  ■ —  variations   in  colour  of, 

48 

—  nerve,  diseases  of,  220  {see 

also  Neuritis  and  Atrophy) 

 from    syphilis,  228, 

399 

 injury  to,  234 

 pathological  changes,  220 

 sclerosis,  230 

 sheath  of,  221 

 tumours,  294 

—  papilla,  47 
Optical  outlines,  1 
Optico-ciliary  neurotomy,  371 
Orbicularis,  paralysis,  74,  424 
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Orbicularis,  spasm,  102 
Orbit,  abscess  of,  288 

—  cellulitis  of,  288 

—  diseases  of,  287  ♦ 

—  emphysema  of,  287 

—  foreign  body  in,  290 

—  pulsating  tumours  of,  292 

—  tumours,  287,  291 

—  wounds  of,  290 
Oscillation  of  pupil,  27,  146 

Pannus  (extensive  superficial 
vascularity  of  cornea),  93 

—  phlyctenular,  105 

—  trachomatous,  93 
Panophthalmitis,  143 

—  purulent,  143 

—  pysemic,  404 

—  traumatic,  143,  157 
Papillitis  (inflammation  of  optic 

disc)  (see  Neuritis) 
Papillo-retinitis,  210,  227 
Paracentesis  of  ant.  chamber, 

374 

—  for  corneal  ulcer,  112 

 glaucoma,  271 

 iritis,  133 

Parallactic  movement,  207 
Paralysis,  associated,  421 

—  central,  421 

—  diphtheritic,  401 

—  in  spinal  disease,  420 

—  ocular,  347,  420 

 causes,  347 

 treatment,  349 

—  of  cervical  sympathetic  nerve, 

424 

 ciliary  muscle,  153,  347, 

401 

 external  ocular  muscles, 

342 

 rectus  (Gth  N.),  339 

 facial  nerve,  424 

 fifth  nerve,  423 

 internal   ocular  muscles, 

153,  340 


Paralysis  of  iris,  153,  346 

 superior  oblique  (4th  N.), 

340,347 
 third  nerve,  341 

—  peripheral,  422 

—  syphilitic,  398,  400,  421 
Paralytic  miosis,  345 

—  mydriasis,  346 
Pediculus  pubis,  71 
"Pemphigus"  of  conjunctiva, 

98 

Perforating  conjunctival  ulcer, 
105 

Perimeter,  22,  442 
Periostitis  of  orbit,  288 
Peritomy,  95,  360 
Phlyctenular  afEections,  85,  103 

—  pannus,  105 
Photophobia,  102,  110 
Phthisis  bulbi,  idiopathic,  143 
Physiological  cup,  48 
Physiology  of  internal  muscles 

of  eye,  343 
Pigment  in  retina,  204,  216 

 choroid,  187,  190,  217 

Pilocarpine  for  detached  retina, 

208 

Pinguecula,  278 
Polyopia  uniocularis,  168 
Polypus,  lacrimal,  76 
Posterior  nodal  point,  12 

—  polar  cataract,  166,  169 

—  staphyloma,  193,  304 

—  synechia,  125 

 total,  128 

Preliminary  iridectomy,  385 
Presbyopia,  329 

—  in  myopia,  331 

—  table,  332 

Primary  optic  atrophy ,  229,  419 
Prism,  action  of,  2,  9 

—  numbering  of,  16 

—  uses  of,  9,  309 
Prismatic  spectacles,  309  : 
Probing  nasal  duct,  363 
Progressive  optic  atrophy,  230, 

419 
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Projection,  3 
Pioliiiise  of  iris,  178 
Prolapsi!  of  iris  in  cataract  ex- 
tnictioii,  17H,  391 

 ill  sclerotomy,  271,  383 

Proptosis,  38,  291 

—  ill  orbital  disease,  292 
Protective  glassos,  440 
Pseudo-glioma,  281,  403 
Ptervfjfiuui,  278 

Ptosis  {fallimj  of  upper  lid), 
cou^onital,  73 

—  from  granular  lids,  9G 

—  o])crations,  359 

—  paralytic,  341 

—  Iriiniuatic,  288 
Pulsating  tumour  of  orbit,  292 
Pulsation,  retinal,  in  aortic  dis- 
ease, 409 

Punctum,  dis])laceinent  of,  74 
Pupil  {see  also  Iris,  Synechia) 

—  actions,  in  health,  26 

—  contraction  from  congestion, 

27 

—  examination,  26 

—  exclusion,  128 

—  inactivity  of,  27 

—  in  diphtheritic  cycloplegia, 

401 

—  influence  on  sight,  14 

—  in  head  iujiu-ics,  418 
 iritis,  i27 

 optic  atrophy,  231 

 neuritis,  228 

 spinal  disease,  420 

—  occlusion  of,  128 

—  size  of,  iu  auajmia,  28 

—  total    post,   synechia,  128, 

275 

—  why  black,  41 

Pupillary    membrane,  remains 

of,  135 
Pupillomctcr,  440 
Pupilloscopy,  57 
Purpura,  eye  disease,  401- 
Pustular  ophthalmia,  103 
Pyasmia,  eye  disease,  404 


j  Quinine  amblyopia,  4.07 

—  lotion  in  diphtheritic  ophthal- 

mia, 88 

"  Rainbows"  in  glaucoma,  258 
Readjustment  of  ocular  mus- 
cles, 369 
Recurrent  vascular  ulcer,  105 
Reflex  iridoplegia,  346,  420 
Refraction,  1 

—  by  a  prism,  2 

; —  —  cylindrical  lens,  320 

—  determination   by  ophthal- 

moscope, 53 
 retinoscopy,  57 

—  errors,  296 

—  of  light,  1 

 the  eye,  12 

Refractive  index,  1 
Relapsing  fever,  eye  diseases,  403 
Relative  accommodation,  26 
Renal  disease,  eye  diseases,  407 
Retina,  ansesthesia,  243 

—  appearances  in  disease,  201 

—  ■  health,  49,  198 

—  atrophy,  205 

—  blood-vessels,  50,  198 

—  concussion,  154 

—  congestion,  201 

—  detachment,  152,  206,  305 

—  diseases,  198 

—  functional  diseases,  246 

—  glioma,  198,  280 

—  hasmorrhage  in,  204 

—  hyperesthesia,  243 

—  pigmentation,  204,  216 

—  "  shot-silk  "  appearance,  200 

—  tubercle,  198 

—  vessels  of,  50 

—  white  patches,  203,  210 
Retinal  embolism,  214,  410 

—  hajmorrhage,  213,  404,  409 
 in  blood  diseases,  404, 409 

—  image,  12,  13,  14 
 in  myopia,  13 

 influence  of  lenses  on  size, 

13 
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Retinal  thrombosis,  214,  410 
Retinitis,  albuminuric,  202,  210, 
407 

 renal  disease  in,  212 

—  apoplectica,  213 

—  diffused,  201 

—  hcBinorrhaffica,  213,  413 

—  from  anffimia,  409 

 intense  light,  218 

 lead,  405 

 leucoi-'ytbiBmia,  409 

 malarial  disease,  403 

—  pic/me7itosa,  204,  216 

—  renal  (see  Albuminuric) 

—  syphilitic,  208,  398 

—  with  choroiditis,  182,  186, 

205 

 optic  neuritis,  209,  226 

Retinoscopy,  57 
Rheumatism,  eye  diseases,  411 

—  in  ophthalmia  iieo-natorum, 

413 

Ring-scotoma,  209 

Ripening  cataract,  operation, 175 

Rodent  ulcer,  71 

Rotation  of  eye,  centre  of,  13 

Rupture  of  clioroid,  152,  188 

 eyeball,  151 

Saemisch's  operation,  112,  374 
Sago-grain  granulations,  89 
Salmon-patch,  116 
Sarcoma  of  choroid,  282 

 ciliary  body,  282 

 front  of  the  eye,  280 

 iris,  285 

 sclerotic,  280 

Scalds  of  eye,  155 

Scarlet  fever,  eye  disease,  87, 400 

Scarring  of  conjunctiva,  93 

Scleral  ring,  47 

Scleritis,  137 

—  gummatous,  139  . 
Sclero-iritis,  139 

—  keratitis,  139 

Sclerosis  of  optic  nerves,  230 — 
233 


I  Sclerotic  rupture,  151 
[  —  wounds,  156 
Sclerotico-choroiditis,  posterior, 
193 

Sclerotitis,  scrofulous,  139 

Sclerotomy,  271,  382 

Scotoma  (an  area  of  defect  or 

blindness    in    the  visual 

field),  239 

—  central,  239 

—  flittering,  415 
Scrofulous  eye  diseases,  414 

—  sclerotitis,  139 
Scurvy,  eye  disease,  404 
Secondary  cataract,  167 

—  divergence,  339 

i  —  glaucoma,  257,  275 

—  keratitis,  121 

—  operations  for  cataract,  391 

—  squint,  33 

Senile  changes  in  accommoda- 
tion, 331 

 choroid,  193 

 lens,  162 

—  failure  of  vision,  24 
Septicajniia,  eye  diseases,  404 
Serous  iritis,  129, 141 
Serpiginous  ulcer,  106 

Setons  in  syphilitic  keratitis, 
119 

 ulcers  of  cornea.  111 

Shades,  439 
Shadow  test,  57 
Short  sight,  297 
Sight,  acuteiicss,  24 
 tests  for,  24 

—  after    cataract  operations, 

172,  178 

—  field,  20 

 for  colours,  250 

—  in  optic  atropy,  230 
 neuritis.  225 

—  optical  conditions  of  clear,  14 
Silver  staining  of  conjunctiva, 

124 

Sloughing  of  cornea,  81 
Smallpox,  eye  disease,  400 
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Snellen's  operation  for  trichia- 
sis, 356 
Snow-blindness,  246 
Soft  cataract,  1U4 
Solution  of  cataract,  173 
Sparkling  synchysis,  254 
S])a8in  of  acconnnodation,  300 
Spectacles  in  astii^iuatisni,  327 

 an-iso-nietropia,  328 

— -  —  hypermetr()])ia,  317 

 myopia,  30G 

 presbyo])ia,  331 

—  lenses,  table  of,  17 
- —  prismatic,  309 

Spinal  cord  disease,  eye  diseases, 
419 

Spongy  exudation  in  iritis,  127 
Spring  catarrh,  97,  105 
Squint  (see  Strabismus) 
Staphyloma  (a  bulging  of  the 
sclerotic  or  cornea),  l40 

—  anterior,  140 

—  posterior,  193,  304 
StiUicidium  lacrimarum,  74 
Stomatitic  teeth,  420 
Strabismus,  alternating,  33,  315 

—  anguliir  measureiuiMit  c)f ,  34 

—  apparent  (footnote),  34 

—  causes,  336 

—  concomitant,  34,  315 

—  convergent,  34,  314,  334 

—  definition  and  varieties, 33,333 

—  divergent,  33,  335 

—  examination,  33 

—  from  disuse,  338 

—  in  hypermetropia,  314 
 myopia,  299,  337 

—  latent  divergent,  337 

—  measurement  of,  34 

—  operation  for,  365 

—  paralytic,  34,  338,  342 

—  peculiarities  of,  342 

—  periodic,  34,  315 

—  primary,  34 

—  secondary,  33 

—  spontaneous  disappearance 

of,  236,  319 


Streatfeild's  operation  for  tri- 
chiasis, 355 
Stria;  of  refraction,  1C4 
Strumous  eye  diseases,  414 

—  ophthalmia,  103 
Stye,  68 

Suction  of  cataract,  173 
Suppression  of  inntge,  235 
Suppuration   after  extraction, 
17G 

Sycosis  tarsi,  66 
Symblepharoii,  155,  3G1 
Symj)atlietic  inflammation,  144, 
146 

—  irritation,  144,  146 

—  nerve,  paralysis  of,  424 

—  ophthalmitis,  146 

 theories  of,  144 

 treatment  of,  148 

Synchj'sis,  sparkling,  254 
Syndectomy,  95 

Synechia  {adhesion  of  iris),  an- 
terior, 157 

—  causing  glaucoma,  130 

—  posterior,  125 

—  total  posterior,  128,  275 
Syphilis,  acquired,  choroiditis, 

398 

 eye  diseases,  397 

 iritis,  397 

 keratitis,  120,  398 

  ocular  paralysis,  398 

 retinitis,  398 

—  brain  disease,  228,  399 

—  inherited,  choroiditis,  400 

 eye  diseases,  399 

 iritis,  399 

 keratitis,  115,  400 

 ocular  paralysis,  39 

 retinitis,  400 

—  orbital  disease,  2',>1 

—  sclerotitis,  139 

—  tarsitis,  277 

—  ulcers  of  eyelids,  72 
Syphilitic  optic  atrophy,  399 
 neuritic,  399 

—  teeth,  425 
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Syring-es,  Ineriinal,  3G3 

—  for  cataract  suction,  394 


Tarsitis,  sypliilitic,  277 

Teeth  in  lamellar  cataract,  426 

—  syphilitic,  120,  425 
Tenotomy,  365 

Tension  ot  the  eyeball,  examina- 
tion, 19 

 diminislied,  143 

 increased,  257 

 in   glaucoma,  257, 

259,  264 
 ■  intraocular  tu- 
mours, 269,  281 

 iritis,  127 

 paralysis  of  the 

fifth  nerve,  269 

 variation,  20 

Test-types,  24,  440 
Third  nerve  paralysis,  341 
Thrombosis  of  cavernous  sinus, 
289 

 retinal  artery,  214,  410 

 vein,  213 

Tinea  tarsi,  66 
Tobacco  amblyopia,  240,  405 
Total  posterior  synechia,  128, 
275 

Toxic  amblyopia,  240 
Trachoma,  88 

—  coccus  of,  89,  91 
Traumatic  astigmatism,  154 

—  cataract,  180 

—  cyclopletjia,  153 

—  irido-cyciitis.  132,  143 

—  iridoplcgia,  153 
_  iritis,  V.Vl 

—  myopia,  1 54 

—  panophthalmitis,  143,  157 

—  ])tosis,  288 
Trichiasis,  94 

Tubercle  of  choroid,  188,  195, 

410 
 iris,  285 

Tuberculosis,  eye  diseases,  410 


Tumours,  intraocular,  280 
—  of  eye,  2  77 

 eyelids,  277 

 front  of  eyeball,  277 

 malignant,  279 

 orbit,  291 

Typhus  fever,  eye  disease,  400 


Ulcers  of  cornea  {see  Cornea) 

 lids,  lupous,  72 

 rodent,  71 

 syphilitic,  72 

Undiscovered  blindness  of  one 
eye,  237 

Unequal  refraction  of  the  two 

eyes,  328 
Ura;mic  amaurosis,  401 

:  V  Y  operation  for  ectropion,  358 

Van  Millingen's  operation  for 
trichiasis,  356 

Venaj  vorticosaj,  183 

Vessels  of  anterior  part  of  eye- 
ball, 28 
I  Virtual  image,  size,  7 
i  Vision  {see  Sight) 
1  —  field  of  {see  Field  and  Sight) 

Visual  angle,  12 

—  axis,  13.  24 
Vitreous,  diseases  of,  252 

—  dust-like  opacities,  252 

—  examination,  53.  253 

—  hcemorrhage,  255 
 traumatic,  255 

—  in  choroiditis,  191,  256 

• —  humour,  cholesterin  in,  254 

 in  glaucoma,  205 

 irido-cyclitis,  141,  256 

 —  myopia,  255,  305 

 retinitis,  256 

 opacities,  252 

 parasites  in,  255 

Warts,  70 

—  conjunctival,  277 
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"  Watered  silk  "  appearance  of 

retina,  200 
Watery  eye,  74 
Waxy  "disc,  191,  217 
.  Wliooping-cough,   ey«  disease, 

mi 

Woolly  disc,  225 

Wounds  of  eyebuU,  154,  15G 

 rules  as  to  treatment, 

157,  159 


Wounds  of  eyelids,  290 
 orbit,  290 

Xanthelasma  palpebrarum,  70 
Xerosis  of  conjunctiva,  98 

Yellow  spot,  50 

Zone,  dangerous,  145 

Zonular  cataract  {see  Lamellar) 
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Chemistry  in  University  College,  Nottingham.  Fourth  Edition.  With 
Engravings.    Tost  8vo,  7s.  Cd. 

COOK. — Introductory  Inorganic  Analysis.  A 

Eirst  Course  of  Chemical  'J'esting.  By  Ekne.st  II.  Cook,  D..Sc.  Lond., 
E.C.S.,  Physical  Science  Master,  Merchant  Venturers'  School,  Bristol 
Crown  Svo,  Is.  (id. 

FOWNES.— Manual  of  Chemistry. — See  WATTS. 
FRANKLANDAND  JAP  P. —Inorganic  Chemistry. 

By  Edward  Erankland,  Ph.D.,  D.C.L.,  E.K.S.,  and  F.  E.  Japp,  M.A., 
Ph.D.,  E.I.C.  With  2  Lithographic  Plates  and  nunieious  Wooil 
Engravings.    8vo,  24s. 

JOHNSON.— The  Analyst's  Laboratory  Com- 
panion. By  Alfred  E.  .fonN.soN,  Assoc.  R.C.Sc.I.,  E.I.C,  F.C.S.,  Fii-st 
Prizeman  in  Chemistry,  Pliysics,  and  Mathematics  of  R.CSc.I. 
Crown  Svo,  5s. 

MORLEY.— Outlines  of  Organic  Chemistry.  Ey 

H.  FORSTEK  MORLEY,  M.A.,  D.Sc,  Joint  Editor  of  "  Watts'  Dictionary 
of  Chemistry."    Crown  Svo,  7s.  6d. 

VACHER. — A  Primer  of  Chemistry,  including 

Analysis.   By  Arthur  Vacher.   ISmo,  Is. 

VALENTIN.— Chemical  Tables  for  the  Lecture- 
room  and  Laboratory.  By  William  G.  Valentin,  F.CS.  In  Five 
large  Sheets,  5s.  Od. 

VALENTIN  AND  HODGKINSON.—A  Course  of 

Qualitative  Chemical  Analysis.  By  the  late  W.  G.  Valentin,  F.CS. 
Seventh  Edition  by  Dr.  W.  R.  Hodgkinson,  F.R.S.E.,  Professor  of 
Chemistry  and  Physics  in  the  Royal  Artillery  College,  and  Royal 
IMilitary  Academy,  Woolwich  ;  assisted  by  H.  Chapaian-Jones,  F.C.S., 
Demonstrator  in  the  Royal  School  of  Mines,  and  F.  E.  Matthews, 
Ph.D.,  of  Cooper's  Hill  College.  With  Engiwlngs  and  Map  of  Spectra. 
Svo,  8s.  Cd. 

The  Tables  for  the  Qualitative  Analysis  of 

Simple  and  Compound  Substances,  M  ith  Map  of  Spectra,  printed 
separately.   Svo,  2s.  Gd. 
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CHEMISTRY— t'OM^wzMerZ. 
WATTS— MannaX   of   Chemistry,  Theoretical 

and  Practical.  (Based  on  Fownes'  llanual.)  By  Hknuv  Watts, 
B.A.,  F.R.S. 

Vol.  I. — Physical  and  Inorganic  Chemistry. 

Second  Edition  (Fourteentli  of  Fownes').  By  William  A.  Tilden, 
D.Sc,  F.R.S.,  Professor  of  Chemistry  in  tlie  Mason  CoUese,  Bir- 
niinghani.  With  122  Wood  Engravings,  and  Coloured  Plate  of 
Spectra.   Crown  Svo,  8s.  6d. 

\"oL.  II. — Chemistry  of  Carbon-Compounds, 

or  Organic  Chemistry.  Second  Edition  (Thirteenth  of  I'ownes'). 
Edited  by  Wji.  A.  Tilden,  D.Sc,  F.R.S.  With  Engravings.  Crown 
Svo,  10s. 

CHILDREN,  DISEASES  OP. 
DAY. — A  Manual  of  the  Diseases  of  Children. 

By  William  II.  Day,  M.D.,  Physician  to  the  Samaritan  Hospital  for 
Women  and  Children.    Second  Edition.    Crown  Svo,  12s.  6d. 

ELLIS. — A  Practical  Manual  of  the  Diseases 

of  Children.  By  Edward  Ellis,  M.D.,  late  Senior  Physician  to  the 
Victoria  Hospital  for  Sicli  Children.  With  a  Formulary.  Fiftli 
Edition.    Crown  Svo,  10s. 

GOODHART.— The  Student's  Guide  to  Diseases. 

of  Children.  By  .Tames  Fredehic  Goodhakt,  M.D.,  F.K.C.P., 
Physician  to  Guy's  Hospital  and  Lecturer  on  Pathology  in  its 
Medical  School.    Third  Edition.    Fcap.  Svo,  10s.  6d. 

SMITH. — A  Practical  Treatise  on  Disease  in 

Children.  By  EUSTACE  Smith,  .M.D.,  F.R.C.P.,  Physician  to  H.M.  tlie 
King  of  the  Belgians,  and  to  the  East  London  Hospital  for  Children. 
Second  Edition.    Svo,  2i;s. 

By  the  same  Author, 

Clinical  Studies  of   Disease  in  Children. 

Second  Edition.    Post  Svo,  7s.  6il. 

Also, 

On  the  Wasting  Diseases  of  Infants  and 

Cliildren.    Fiftli  Edition.    Post  Svo,  8s.  Cd. 

^TAYA^^i?.— Compendium  of  Children's  Dis- 
eases ;  a  Handljoolv  for  Practitioners  and  students.  By  Johann 
Steiner,  JI.D.  Translated  by  Lawson  Tait,  F.B.C.S.,  Surgeon  to  the 
Birmingham  Hospital  for  Women,  &c.   Svo,  12s.  6d. 
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DENTISTRY. 
GOItGAS.  —  Dental   Medicine :    a    Manual  of 

Dental  Materia  Jledica  iiiuITheiiipeutics.  By  Feiuhnand  J.  S.  GoiiGAS, 
A.M.,  II  U.,  D.D.S.,  Professor  of  Dental  Surgery  and  .Science,  &c.,  iu 
the  University  of  Maryland.    Thiid  Edition.    8vo,  Kis. 

HARRIS.  —  The    Principles    and  Practice  of 

Dentistry ;  including  Anatomy,  Physiology,  Pathology,  Therapeutics, 
Dental  Surgery,  and  Mechanism,  liy  Ciiapin  A.  HAlllils,  M.D.,  D.D.S. 
Twelfth  Edition,  revisetl  and  edited  by  Ferdinand  J.  .S.  Gougas, 
A.M.,  M.D.,  D.D.S.    With  over  1,000  Illustrations.    8vo,  33s. 

STOCKEN.—Klements  of  Dental  Materia  Medica 

and  Therapeutics,  with  Phnrmacopccia.  By  James  Stocken,L.D.S.E.C.S., 
late  Lecturer  on  Dental  .Materia  Medica  and  Therapeutics  and  Dental 
Surgeon  to  the  National  Dental  Hosp|tal;  assisted  by  Thomas  Gaddes, 
L.D  S.  Eng.  and  Edin.    Third  Edition.    Kcap.  8vo,  7s.  6d. 

TOMES  (C.  Manual  of  Dental  Anatomy, 

Human  and  Comparative.  By  Charles  S.  Tomes,  M.A.,  F.Pi,.S. 
Third  Edition.    With  212  Engravings.    Crown  Svo,  12s.  Cd. 

TOMES  (J.  and  C.  S.).—A   System  ot  Dental 

Surgery.  By  Sir  John  Tomes,  F.R.S.,  and  Charles  S.  Tomes,  M.A., 
M.K.C.S.,  F.R.S.  Third  Edition.  With  292  Engravings,  erowu 
Svo,  15s. 


EAR,  DISEASES  OF. 

BURNETT.— The  Ear:  its  Anatomy,  Physio- 
logy, and  Diseases.  A  Practical  Treatise  for  the  Use  of  Medical 
Students  and  Practitioners.  By  Charles  H.  Burnett,  M.D.,  Aural 
Surgeon  to  the  Presbyterian  Hospital,  Philadelphia.  Second  Edition. 
With  107  Engravings.   Svo,  ISs. 

DALBY. — On  Diseases  and  Injuries  of  the  Ear. 

By  Sir  William  B.  Dalby,  F.R.C.S.,  Aural  Surgeon  to,  and  Lecturer 
on  Aural  SurgeiT  at,  St.  George's  Hospital.  Third  Edition.  With 
Engravings.    Croivn  Svo.  7s.  6d. 
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EAR.  DISEASES  OY— continued. 
JONES. — Practitioner's  Handbook  of  Diseases 

of  the  Ear  and  Naso-Phaiyiix.  By  H.  Macnaughton  Jones,  M.D., 
H.Ch. ;  Examiner,  and  late  Professor  in  the  Queen's  University  ;  and 
Snrgeon  to  the  Cork  Ophthahnic  and  Aural  Hospital.  Third  Edition 
of  "Aural  Surgery."  With  128  Engravings,  and  2  Coloured  Plates 
(16  Figures).    Pioyal  8vo,  6s. 

By  the  same  Author. 

Atlas  of  the  Diseases  of  the  Membrana 

Tympani.  In  Coloured  Plates,  containing  59  Figures.  With  Ex- 
planatory Text.    Crovra  4to,  21s. 

FORENSIC  MEDICINE. 

ABERCROMBIE.  —  The    Student's    Guide  to 

ifedical  Jurisprudence.  By  John  Abercrombie,  M.D.,  F.K.C.P., 
Senior  Assistant  Physician  to  Charing  Cross  Hospital.  Fcap.  Svo, 
7s.  6d. 

OGSTON. — Lectures  on  Medical  Jurisprudence. 

By  Francis  Ogston,  JI.D.,  late  Professor  of  iledical  Jurisprudence 
and  Medical  Logic  in  the  University  of  Aberdeen.  Edited  l)y  Francis 
Ogston,  Jun.,  M.D.,  late  Lecturer  on  Practical  Toxicology  in  the 
University  of  Aberdeen.   With  12  Plates.   Svo,  18s. 

TAYLOR.— The    Principles    and    Practice  of 

Medical  Jurisprudence.  By  Alfred  S.  Taylor,  M.D.,  F.R.S. 
Third  Edition,  revised  by  Thomas  Stevenson,  M.D.,  F.R.C.P.,  Lec- 
turer on  Chemistry  and  Medical  Jurisprudence  at  Guy's  Hospital  ; 
Examiner  in  Chemistry  at  the  Royal  College  of  Physicians ;  Official 
Analyst  to  the  Home  Office.  With  188  Engravings.  2  Vols.  Svo,  31s.  6d. 
By  the  same  Author. 

A    Manual    of    Medical  Jurisprudence. 

Eleventh  Edition,  revised  by  Thomas  Stevenson,  M.D.,  F.R.C.P. 
With  56  Engravings.    Crown  8vo,  14s. 

ALSO, 

On  Poisons,  in  relation  to  Medical  Juris- 
prudence and  Medicine.  Third  Edition.  With  104  Engravings 
Crown  Svo,  16s. 

TIDY  AND    WOODMAN.— A    Handy-Book  of 

Forensic  Medicine  and  Toxicology.  By  C.  Meymott  Tidy,  M.B.  ;  and 
W.  Bathurst  Woodman,  M.D.,  F.R.C.P.  Witli  8  Lithographic  Plates 
and  116  Wood  Engravings.   Svo,  31s.  Gd. 
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HYGIENE. 

PARKES.  —  A   Manual  of  Practical  Hygiene. 

By  Edmund  A.  rAUKES,  M.D.,  F.R.S.  Heventli  Eilitiou  liy  F.  DE 
Chahmont,  M.D.,  F.R.S.,  late  Professor  of  Military  lly-ieiie  in  tlie 
Amiy  Medical  School.    With  9  Plates  ami  101  Engravings.    Svo,  18s. 

WILSON.— A  Handbook  of  Hygiene  and  Sani- 
tary Science.  liy  Georgk  Wilson,  M.A.,  M.D.,  F.ll.S.E.,  Medical 
Officer  of  Health  for  jSlid  Warwicltshire.  Sixth  Edition.  With  En- 
gravings.   Crown  Svo,  10s.  tid. 


MATERIA  MEDICA  AND  THERAPEUTICS. 
LESCHFAl— Recent   Materia   Medica.  Notes 

on  their  Origin  and  Therapeutics.  By  F.  Harwood  Leschee,  F.C.S., 
Pereira  Medallist.    Tliird  Edition.    Svo,  2s.  6d. 

OWEN. — A  Manual  of  Materia  Medica;  in- 
corporating the  Author's  "Tables  of  Materia  Medica."  l!y  Isambard 
Owen,  M.D.,  F.R.C.P.,  Lecturer  on  Materia  Medica  and  Therapeutics 
to  St.  George's  Hospital.    Second  Edition.    Crown  Svo,  Os.  6d. 

ROYLE  AND  HARLEY.—A  Manual  of  Materia 

ifedica  and  Therapeutics.  By  J.  Forbes  Royle,  M.D.,  F.R.S.,  and 
John  Harley,  M.D.,  F.R.C.P.,  Physician  to,  and  Joint  Lecturer  on 
Clinical  Medicine  at,  St.  Thomas's  Hospital.  Sixtli  Editiou,  including 
addition  and  alterations  in  the  B.P.  1885.  With  139  Engravings. 
Crown  Svo,  15s. 

SOUTHALL.— The  Organic  Materia  Medica  of 

the  British  Pharmacopoeia,  Systematically  Arranged.  By  W.  SOUTHALL. 
F.L.S.    Fourth  Edition.    Crown  Svo,  5s. 

THOROWGOOD.  —  The     Student's     Guide  to 

Materia  Medica  and  Therapeutics.  By  John  C.  Thobowgood,  M.D., 
F.R.C.P.    Second  Editiou.    With  Engravings.    Fcap.  Svo,  7s. 

WARING.— A  Manual  of  Practical  Therapeu- 
tics. By  Edward  J.  Waring,  C.I.B.,  :m.D.,  F.R.C.P.  Fourth  Edition, 
revised  by  the  Autlior  and  Dudley  W.  Buxton,  M.D.,  Sl.R.C.P 
Crown  Svo,  14s. 
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MEDICINE. 

CHARTERIS.— The    Student's    Guide    to  the 

Practice  of  Medicine.  By  M.  Chaktehis,  M.D.,  Professor  of  Thera- 
peutics and  Materia  Medica,  University  of  Glasgow.  Witli  En- 
gravings on  Copper  and  Wood.    Kiftli  Edition.    Fcap.  Svo,  9s. 

FAGGE. — The  Principles  and  Practice  of  Medi- 
cine. By  tlie  late  C.  Hilton  Facge,  M.D.,  F.K.C.P.,  Edited  by 
PHILIP  H.  Pye-Smith,  M.D.,  F.R.S.,  F.R.C.P.,  Physician  to,  and 
Lecturer  on  Medicine  in,  Guy's  Hospital.  Second  Edition.  2  Vols. 
Svo.    Cloth,  38s.,  leather,  44s. 

FENWICK.—The  Student's  Guide  to  Medical 

Diagnosis.  By  Samdel  Fenwick,  M.D.,  F.R.C.P.,  Physician  to  the 
London  Hospital.   SLxth  Edition.  With  114  Engravings,  fcap.  Svo,  7s. 

By  the  same  Author, 

The  Student's  Outlines  of  Medical  Treat- 
ment.  Second  Edition.    Fcap.  Svo,  7s. 

HARBIS.—The   Student's  Guide   to  Diseases 

of  the  Chest.  By  Vincent  D.  Harris,  M.D.,  F.R.C.P.,  Physician  to 
the  Victoria  Park  Hospital  for  Diseases  of  the  Chest.  With  55 
Engravings,  plain  and  Coloured.    Fcap.  Svo,  7s.  Gd. 

yiXON. — Handbook  of  Hospital  Practice  and 

Physical  Diagnosis.  By  Christopher  J.  Nixon,  M.D.,  LL.D.  Professor 
of  Medicine  in  the  Catholic  University,  Dublin ;  Examiner  in 
Medicine,  K.Q.C.P.I.,  and  for  the  Conjoint  Examinations  of  K.Q.C.P. 
and  S.  Irel.   AVith  Plates  and  Engravings.    Svo,  Os. 

TAYLOR.— A  Manual  of  the  Practice  of  Medi- 
cine. By  Frederick  Taylor,  M.D.,  F.R.C.P.,  Physician  to,  and 
Lecturer  on  Medicine  at,  Guy's  Hospital.  With  23  Illustrations. 
Crown  Svo,  15s. 

WARNER.— The    Student's   Guide  to  Clinical 

Medicine  and  Case-Taking.  By  FRANCIS  Warner,  M.D.,  li'.R.C.P., 
Physician  to  the  London  Hospital.    Second  Edition.    Fcap.  Svo,  5s. 

WHITTAKER.—Student's  Primer  on  the  Urine. 

By  J.  Travis  Whittaker,  M.D.  With  Illustrations,  and  16  Plates 
etched  on  Copper.    Post  Svo,  4s.  Cd. 
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MIDWIFERY. 
BARNES. — Lectures  on  Obstetric  Operations, 

incliuling  the  Ti-catiuent  of  Ha)iiioiTluij,'e,  and  foiinin<;  a  Guide  to  the 
MaiiaKeineiit  of  Dilllcult  Lalioiir.  Hy  RODEKT  lUUNKS,  Jl.D.,  F.R.C.P., 
(Joiisiiltiiiy  oli.stetiii;  I'liysician  to  St.  George's  Hospital.  fourth 
Edition.    With  1-21  Engravings.    8vo,  12s.  Cd. 

Z^Z7i?rOi\^.— Handbook  of  Midwifery  for  Mid- 
wives.  Jiy  .John  i;.  Huktun,  M.It.C.s.,  L.R.C.r.,  surgeon  to  the 
Liverpool  ilosjiital  for  Women.  Seeond  Edition.  With  Engrav- 
ings.   l''cap  Svo,  OS. 

(rALABIN.—A  Manual  of  Midwifery.    By  Alfred 

LEWJ.S  Galauin,  Jt.A.,  M.D.,  F.ll.O.P.,  ()l)stetric  Physician  and 
Lecturer  on  Midwifery,  &c,,  to  Guy's  llospital,  Examiner  in  Mid- 
wifery to  tlie  Conjoint  K.xamining  Board  for  England.  With  227 
Engravings,    Crown  Svo,  15s, 

RAMSBOTHAM.— The  Principles  and  Practice 

of  Obstetric  Medicine  and  .Surgery.  By  Francis  H.  Ramsbotham,  Jl.D., 
formerly  Obstetric  Physician  to  the  London  Hospital.  Fifth  Edition. 
With  120  Plates,  forming  one  thick  handsome  volume.    Svo,  22s. 

REYNOLDS.  —  Notes  on  Midwifery:  specially 

designed  to  assist  the  Student  in  preparing  for  Examination.  By  J.  J. 
KEVNOLD.S,  L.R.C.P.,  M.R.C.S,  Second  Edition.  With  15  Engravings. 
Fcap.  Svo,  4s. 

ROBERTS.— The  Student's  Guide  to  the  Practice 

of  iMidwifery.  By  D.  Lloyd  Roberts,  M.D.,  F.R.C.P.,  Lecturer  on 
Clinical  Midwifery  and  Diseases  of  Women  at  Owen's  College,  Phy- 
sician to  St.  Mary's  Hospital,  Manchester,  Third  Edition.  With  2 
Coloured  Plates  and  12"  Engravings.    Fcap.  Svo,  7s.  6d. 

SCHROEDER.—A  Manual  of  Midwifery;  includ- 
ing the  Pathology  of  Pregnancy  and  the  Puerperal  State.  By  Karl 
SCHROEDER.M.D.,  Professor  of  Jlidwifery  in  the  University  of  Erlangen. 
Translated  by  C,  H.  Carter,  M.D.    With  Engravings.  Svo,  12s.  6d. 

SWAYNE. — Obstetric  Aphorisms  for  the  Use  of 

students  commencing  Midwifery  Practice.  By  Joseph  G.  Swayke, 
M.D.,  Lecturer  on  Obstetric  Medicine  at  the  Bristol  Medical  .School. 
Ninth  Edition.   With  17  Engravings,   Fcap,  Svo,  3s.  6d. 
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MICROSCOPY. 
CARPENTER.— The  Microscope  and  its  Revela- 
tions.    By  William  B.  Carpentei!,  C.B.,  M.D.,  F.E.S.  Seventh 
Edition.    Edited  b.v  Rev.  Dr.  Uallinger,  F.R.S.    With  about  COO 
Engravings.    Crown  Svo.  {I a  Ihf  presi<.) 

LEE.  —  The    Microtomist's   Vade-Mecum  ;  a 

Handbook  of  the  Methods  ot  ilicroscopic  Anatomy.  By  Akthur 
BoLLES  Lee,  Assistant  in  tlie  Russian  Laboratory  of  Zoology  at 
Villefranche  sur-Mer  (Nice).    Second  Edition.    Svo,  l-2s.  Cd. 

MARSH.  —  Microscopical    Section-Cutting  :  a 

Practical  Guide  to  the  Preparation  and  Jlounting  of  Sections  for  the 
Microscope.  By  Dr.  SYLVESTER  MARSH.  Second  Edition.  With 
17  Engi-aviugs.    Fcap.  Svo,  3s.  6d. 

OPHTHALMOLOGY. 
HARTRIDGE.~The  Refraction  of  the  Eye.  By 

GUSTAVUS  Hartridge,  F.Pt.C.S.,  Surgeon  to  tlie  Royal  Westminster 
Ophthalmic  Hospital.  Fourth  Edition.  With  98  Illustrations,  Test 
Types,  &c.    Crown  Svo,  Gs. 

HIGGENS.— Hints  on  Ophthalmic  Out-Patient 

Practice.  By  Charles  Higgen.s,  F.R.C.S.,  Ophtliahnic  Surgeon  to, 
and  Lecturer  on  Ophthalmology  at,  Guy  s  Hospital.  Third  Edition. 
Fcap.  Svo,  3s. 

MACNAMARA.—A  Manual  of  the  Diseases  of 

the  Eye.  By  Charles Macnamara,  F.R.C.S.,  Surgeon  to,  and  Lecturer 
on  Surgery  at,  the  Westminster  HospitaL  Fourth  Edition.  With 
4  Coloured  Plates  and  00  Engravings.    Crown  Svo,  10s.  6d. 

NETTLESHIP.— The  Student's  Guide  to  Diseases 

of  the  Eye.  By  Edward  Nettluship,  F.R.C.S.,  Ophthalmic  Surgeon 
to,  and  Lecturer  on  Ophthalmic  Surgery  at,  St.  Thomas's  Hospital. 
Fourth  Edition.  With  ICi  Engravings,  and  a  Set  of  Coloured  Papers 
illustrating  Colour-blindness.    Fcap.  Svo,  7s.  Gd. 

POLLOCK.— The     Normal    and  Pathological 

Histology  of  the  Human  Eye  and  Eyelids.  By  C.  FUED.  Pollock, 
M.D.,  F.R.C.S.E.,  and  F.R.S.E.,  Surgeon  for  Diseases  of  the  Eye. 
Anderson's  College  I )ispen.sary,  Glasgow.  With  100  Plates,  containing 
230  Original  Diawings  by  the  Author,  Lithographed  in  black  and 
colours.    Crown  Svo,  1.5s. 
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OPHTHALMOLOGrY- co?i!!Mi?«e(7. 
WOLFE. — On  Diseases  and  Injuries  of  the  Eye  : 

a  Course  of  Systematic  and  Clinical  Lectures  to  Students  and  Medical 
J'ractitioners.  By  J.  K.  VVolfb,  M.D.,  I'Ml.C.S.E.,  Senior  Surgeon  to 
the  fHasgow  Oplitlialniic  Institution,  Lecturer  on  Ophthalmic  Medicine 
and  Surgery  in  Anderson's  College.  With  10  Coloured  Plates,  and  120 
Wood  Engravings,  8vo,  21s. 


PATHOLOGY. 

BOWLBY.—The  Student's   Guide  to  Surgical 

Pathology  and  Morbid  Anatomy.  By  Anthony  A.  Bowlbv,  F.R.C.S., 
Surgical  llegistrar  and  Demonstrator  of  Practical  Surgery  and  Sur- 
gical  I'athology  at  St.  Bartholomew's  Hospital.  Second  Edition. 
With  158  Engravings.    Fcap.  8vo,  9s. 

JONES  AND  SIEVEKING.—A  Manual  of  Patho- 
logical Anatomy.  By  C.  Handfield  Jones,  M.B.,  F.R.S.,  and  Sill 
Edward  H.  SIEVEKING,  M.D.,  F.Pi.C.P.  Second  Edition.  Edited,  with 
considerable  enlargement,  by  J.  F.  Payne,  M.B.,  Assistant- Physi- 
cian to,  and  Lecturer  on  Patliological  Anatomy  at,  St.  Thomas's 
Hospital.    With  195  Engravings.    Crown  8vo,  10s. 

LAN CEEEAUX.— Atlas  of  Pathological  Ana- 
tomy. By  Dr.  LANCEREAUX.  Translated  by  W.  S.  Greenfield,  M.D., 
Professor  of  Pathology  in  the  University  of  Edinburgh.  With 
70  Coloured  Plates.    Imperial  8vo,  £5  5s. 

MOORE. — Pathological  Anatomy  of  Diseases, 

arranged  according  to  the  Nomenclature  of  Diseases  of  the  Pi.C.P. 
Lond.  By  Norman  Moore,  M.D.,  Assistant  Physician  and  Lecturer 
on  Pathological  Anatomy  to  St.  Bartholomew's  Hospital.  With 
110  Illustrations.    Fcap.  8vo,  Ss.  6d. 

SUTTON.  —  An     Introduction     to  General 

Pathology.  By  John  Bland  Sutton,  F.R.C.S.,  Sir  E.  Wilson 
Lectui'er  on  Pathology,  E.C.S.  ;  Assistant  Surgeon  to,  and  Lecturer  on 
Anatomy  at,  Middlesex  Hospital.    Witli  149  Engravings.    Svo,  14s. 

WYNTER    AND    WETHERKD.—A   Manual  of 

Clinical  and  Practical  Pathology.  By  W.  Essex  Wynter,  M.D., 
Medical  Registrar  and  late  Demonstrator  of  Anatomy  and  Chemistry 
at  the  Middlesex  Hospital ;  and  Frank  J.  Wethered,  M.D., 
Assistant  Physician  to  the  City  of  London  Hospital  for  Diseases  of 
the  Chest.  With  4  Coloured  Plates  and  C7  other  Illustrations,  Svo, 
12s.  6d. 
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PHYSIOLOGY. 

CAEPENTER.— Principles  of  Human  Physio- 
logy. By  "William  B.  Carpenter,  C.B.,  ir.D.,  F.E.S.  Xinth  Edition. 
Edited  by  Henry  Power,  M.B.,  F.KCS.  With  3  Steel  Plates  and 
377  yVood  Engravings.    Svo,  31s.  6d. 

DALTON. — A  Treatise  on  Human  Physiology  : 

designed  for  the  use  of  Students  and  Practitioners  of  Medicine.  By 
John  C.  Dalton,  il.D.,  Professor  of  Physiology  and  Hygiene  in  the 
College  of  Physicians  and  Surgeons,  New  York.  Seventh  Edition. 
With  252  Engravings.    P>,oyal  Svo,  20s. 

FREY.—Tho^  Histology  and  Histo-Chemistry  of 

ilan.  A  Treatise  on  the  Elements  of  Composition  and  Structure  of  the 
Human  Body.  By  Heinrich  Erey,  Professor  of  Jledicine  in  Zurich. 
Translated  by  Arthur  E.  Barker,  Surgeon  to  the  University  College 
Hospital.   AVith  60S  Engravings.    Svo,  21s. 

SANDERSON.— ¥Lan6boo\i  for  the  Physiological 

Laboratory  :  containing  an  Exposition  of  the  fundamental  facts  of  the 
Science,  with  explicit  Directions  for  their  demonstration.  By  .T. 
BuRDON  Sanderson,  M.D.,  F.E.S.;  E.  Klein,  51. D.,  K.R.S.;  IMichael 
Foster,  JI.D.,  F.R.S.,  and  T.  Lauder  Brunton,  JJ.D.,  F.E.S.  2  Vols., 
with  123  Plates.    Svo,  24s. 

SHORE. — Elementary  Practical  Biology.  Vege- 
table. By  Thomas  W.  Shore,  il.D.,  B.Sc.  Lond.,  Lecturer  on 
Comparative  Anatomy  at  St.  Bartholomew's  Hospital.    Svo,  Gs. 

YEO. — A  Manual  of  Physiology  for  the  Use  of 

Junior  Students  of  Medicine.  By  Gerald  F.  Yeo,  M.D.,  F.R.C.S., 
F.R.S.,  late  Professor  of  Physiology  in  King's  College,  London.  Second 
Edition.    With  318  Engravings  (many  figures).    Crown  Svo,  14s. 


PSYCHOLOGY. 

BUCKNILL  AND  TUKE.—A  Manual  of  Psycho- 

logical  Medicine  :  containing  the  Lunacy  Laws,  Kosology,  .Etiology, 
Statistics,  Description,  Diagnosis,  Pathology,  and  Treatment  of  Insanity, 
with  an  Appendi.x  of  Cases.  By  John  C.  Bucknill,  M.D.  F.R.S., 
and  D.  Hack.  Tuke,  M.D.,  F.R.C.P.  Fourth  Edition  with  12  Plates 
(30  Figures).    Svo,  25s. 

CLOUSTON.  —  Clinical    Lectures    on  Mental 

Diseases.  By  Thomas  S.  Clouston,  M.D.,  and  F.R.C.P.  Edin.;  Lec- 
turer on  Mental  Diseases  in  the  University  of  Edinburgh.  Second 
Edition.   With  8  Plates  (6  Coloured).    Crown  Svo,  12s.  Od. 
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BJ-JLLAMY.— The  Student's  Guide  to  Surgical 

Aimtoiiiy;  an  Introauction  to  Operative  Surgery.  By  Edwaiid 
JiKLLAMY,  KR.C.S.,  Snr!,'eon  to,  and  Lecturer  on  8ui';;ery  at,  CliariMg 
Cross  Hospital.  Third  Edition.  Witli  SO  Engravings.  Fcap.  8vo, 
7s.  Od. 

BRYANT.— A    Manual    for    the    Practice  of 

SnrKcry.  l!y  Thomas  I!ryant,  1''.K.(;..S.,  Consulting  Surgeon  to  Guy's 
Hospital.  Kourtli  Edition.  With  750  Illustrations  (many  being 
coloured),  and  including  G  Chroino-Mthographie  Plates.  2  Vols. 
Crown  8vo,  32s. 

DRUITT  AND  BOYD.— T>vn\tt's  Surgeon's  Vade- 

-Mccnni ;  a  Jlanual  of  Modern  Surgery.  Edited  by  Stanley  Boyd, 
.M.b.,B.S.  Loud.,  I'Ml.C.S.,  Assistant  Surgeon  and  Pathologist  to  the 
Cliaring  Cross  Hospital.  Twelfth  Edition.  With  373  Engravings. 
Crown  8vo,  16s. 

HEATH. — A    Manual    of   Minor  Surgery  and 

Bandaging.  By  Chuistoi'HKU  Heath,  F.R.C.S.,  Holme  Professor  of 
Clinical  Surgery  in  University  (College  and  Surgeon  to  the  Hospital. 
Ninth  Edition.    With  14G  Engravings.    Fcap.  8vo,  6s. 

By  the  same  Author. 

A    Course    of   Operative    Surgery  :  with 

Twenty  Plates  (containing  many  figures)  drawn  from  Nature  by 
il.  Leveille,  and  Coloured.    Second  Edition.    Large  Svo,  30s 

ALSO, 

The  Student's   Guide   to    Surgical  Diag- 
nosis.   Second  Edition.    Fcap.  Svo,  Gs.  Gd. 

JACOBSON.— The  Operations  of  Surgery:  in- 
tended especially  for  the  use  of  those  recently  appointed  on  a  Hospital 
Staff,  and  for  those  preparing  for  the  Higher  Examinations.  By 
W.  H.  A.  JACOliSON,  M.A.,  M.B.,  M.Ch.  0.\on.,  F.K.C.S.,  Assistant 
Surgeon  to  Guy's  Hospital,  and  Lecturer  on  Anatomy  in  the  Medical 
School.    With  199  Engravings.    Svo,  30s. 
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^M'RG'ERY—continued. 

506' T//.4il/.— Regional  Surgery  :  including  Sur- 
gical Diagnosis.  A  Manual  for  the  use  of  Students.  1;y  Fkedericic 
A.  SOUTHAM,  il.A.,  M.B.  0.\on.,  F.R.C.S.,  Assistant-Surgeon  to  the 
Royal  Infirmary,  and  Assistant-Lecturer  on  Surgery  in  the  Owen's 
College  School  of  Medicine,  Manchester.  Vol.  2.  The  Upper  Ex- 
tremity and  Thora.x.  Crown  8vo,  7s.  6d.  Vol.  3.  The  Abdomen  and 
Lower  E.xtreniity.    Crown  8vo,  7s. 

WALSHAM. — Surgery:  its  Theory  and  Practice 

(Student's  Guide  Series).  By  Wiu.iam  J.  Wai.sham,  F.R.C.S., 
Assistant  Surgeon  to,  and  Lecturer  on  Anatomy  at,  St.  Bartholomew's 
Hospital.  Second  Edition.  "With  294  Engravings.    Feap.  Svo,  10s.  0<1. 


TERMINOLOGY. 
J/^.YTFi;/./..— Terminologia  Medica  Polyglotta  : 

a  Concise  International  Dictionary  of  ^ledical  Terms  (Frencli, 
Latin,  English,  German,  Italian,  Spanish,  and  Russian).  By  Tiieodokk 
Maxwell,  M.D.,  B.Sc.  Loud.,  F.R.C.S  Edin.    Roy.  Svo.  16s. 

MAYNE. — A   Medical    Vocabulary  :    being  an 

Explanation  of  all  Terms  and  Phrases  used  in  the  various  Departments 
of  Medical  Science  and  Practice,  giving  tlieir  Derivation,  Cleaning, 
Application,  ami  Pronunciation.  By  R.  Cf.  Mayne,  M.D.,  LL.D.  Sixth 
Edition,  by  W.  \V.  Wagstaffe,  B.A.,  F.R.C.S.    Crown  Svo,  lOs.  6d. 

TUEVES  AND  LANG.— A  German-English  Dic- 
tionary of  Medical  Terms.  By  Fkehkuick  'Tileves,  F.K.C.S.,  Sur- 
geon to  the  London  Hospital,  and  Hugo  Lang,  B.A  Half-bound  in 
calf,  12s. 

WOMEN,  DISEASES  OF. 
BARNES.— A  Clinical  History  of  the  Medical 

and  Surgical  Diseases  of  Women.  By  Rouert  Baune.s,  M.D.,  F.R.C.I'., 
Ob.stetric  Phy.siciau  to,  and  Lecturer  on  Diseases  of  Women,  etc.,  at,  St. 
George's  Hospital.    Second  Edition.    With  181  Engravings.    Svo,  2Ss. 

DUNCAN. — Clinical  Lectures  on  the  Diseases 

of  Women.  P.y  J.  Matthews  Duncan,  A  M.,  M.D.,  LL.D.,  F.R.C.P., 
P'.R.S.,  Physician  Accoucheur  to,  and  Lecturer  on  Midwifery  at,  St 
Bartholomew's  Hospital.    Fourth  Edition.   Svo,  16s. 
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WOMEN,  DISEASES  O'F— continued. 

GALABIN.— The  Student's  Guide  to  the  Dis- 
eases of  womun.  JiyALl'iiED  L.  Oalabin,  SI.D.,  F.K.C.P.,  Obstetric 
I'hysiciaii  to  Guy's  Hospital,  Examiner  in  Obstetric  ireaicine  to  the 
University  of  Cambridge,  and  to  the  R.  C.  P.  Lond.  Fourth  Edition. 
Witli  94  Engravings.    Fcap.  8vo,  Ts.  Gd. 

RE TNOLDS.— Notes  on  Diseases  of  Women. 

Speeially  designed  to  assist  the  Student  in  preparing  for  Examination. 
By  J.  J.  Ukynolds,  L.R.C.P.,  M.R.C.S.  Tliird  Edition.  Fcap.  8vo, 
2s.  6d. 

SAVAGK— The  Surgery  of  the  Female  Pelvic 

Organs.  By  IIunry  Savage,  iM.l).,  Lond.,  F.R.CS.,  one  of  the  Con- 
sulting Sredical  Oflicers  of  the  Samaritan  Hospital  for  Women.  Fifth 
Edition,  witli  17  Lithographic  Plates  (15  Coloured),  and  52  Woodcuts. 
Royal  4to,  358. 

WEST  AND  DUNCAN.— 'Lectures  on  the  Dis- 
eases of  Women.  By  CUARLES  \\'est,  M.D.,  F.R.C.P.  Fourth 
Edition.  Revised  and  in  part  re-written  by  the  Author,  with  numerous 
additions  by  .T.  Matthews  Duncan,  JI.D.,  F.R.C.P.,  F.R.S  , 
Obstetric  Physician  to  St.  Bartholomew's  Hospital.   8vo,  16s. 


ZOOLOGY. 

GHAUVEAU  AND  FLEMING.— The  Compara- 

tive  Anatomy  of  the  Domesticated  Animals.  By  A.  Chauveau, 
Professor  at  the  Lyons  Veterinary  School ;  and  George  Fleming, 
Principal  Veterinary  Surgeon  of  the  Army.  With  450  Engravings. 
31s.  6d. 

^C/TL^r.— Manual  of  the  Anatomy  of  Inverte- 

brated  Animals.  By  THOMAS  H.  HUXLEV,  LL.D.,  F.R.S.  With  156 
Engravings.    Post  8vo,  16s. 

 '  By  the  same  Author. 

Mariukl  of  the   Anatomy  of  Vertebrated 

Animals.   With  110  Engravings.   Post  8vo,  12s. 

WILSON— The  Student's  Guide  to  Zoology  : 

'la  Manual  of  the  Principles  of  Zoological  Science.  By  Andrew  Wilson, 
Lecturer  on  Natural  History,  Edinburgh.   With  Engravings.  Fcap. 
,  Svo,  6s.  Gd. 
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